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DATA OR DOGMA? PROMOTING OPEN 
INQUIRY IN THE DEBATE OVER THE 
MAGNITUDE OF HUMAN IMPACT 
ON EARTH’S CLIMATE 


TUESDAY, DECEMBER 8, 2015 

U.S. Senate, 

Subcommittee on Space, Science, and Competitiveness, 

Committee on Commerce, Science, and Transportation, 

Washington, DC. 

The Subcommittee met, pursuant to notice, at 3:10 p.m., in room 
SR-253, Russell Senate Office Building, Hon. Ted Cruz, Chairman 
of the Subcommittee, presiding. 

Present: Senators Cruz [presiding], Gardner, Daines, Nelson, 
Schatz, Markey, Booker, Udall, and Peters. 

OPENING STATEMENT OF HON. TED CRUZ, 

U.S. SENATOR FROM TEXAS 

Senator Cruz. This hearing will come to order. 

Good afternoon, everyone. Welcome to what I hope will be an im- 
portant and informative hearing. 

This is a hearing on the science behind claims of global warming. 
Now this is the Science Subcommittee of the Senate Commerce 
Committee, and we are hearing from distinguished scientists, shar- 
ing their views, their interpretation, their analysis of the data and 
the evidence. 

Now I am the son of two mathematicians, two computer pro- 
grammers and scientists. And I believe that public policy should 
follow the actual science and the actual data and evidence and not 
political and partisan claims that run contrary to the science and 
data and evidence. 

On November 28, 2013, an intrepid band of explorers set off from 
New Zealand on a research expedition to the Antarctic. Among 
their goals was investigating the impact of global warming on the 
Antarctic continent and islands. 

On Christmas Eve, they became stuck in ice, ice that the climate 
industrial complex had assured us were vanishing. This expedition 
was there to document how the ice was vanishing in the Antarctic, 
but the ship became stuck. It had run into an inconvenient truth, 
as A1 Gore might put it. 

Three icebreakers tried and failed to reach the trapped ship be- 
cause the ice was too thick. After a week of rescue attempts, the 
passengers were airlifted from the vessel. 

( 1 ) 
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Here are the inconvenient facts about the polar ice caps. The 
Arctic is not ice-free. This year’s minimum sea ice extent was well 
above the record low observed in 2011. In the Antarctic, a recent 
study from the Journal of Glaciology indicates that the ice is not 
only not decreasing but is, in fact, increasing in mass, directly con- 
trary to what the global warming alarmists had told us would be 
happening. This is not what their climate models projected. 

Yet these inconvenient facts never seem to get the attention of 
people like John Kerry. And indeed, I would note behind me, on 
August 31, 2009, then-Senator John Kerry said, “Scientists project 
that the Arctic will be ice free in the summer of 2013. Not in 2050, 
but 4 years from now.” 

Well, the summer of 2013 has come and gone, and John Kerry 
was not just a little bit, he was wildly, extraordinarily, entirely 
wrong. Had the Antarctic expedition in the picture next to it not 
believed the global warming alarmists, had they actually looked to 
the science and the evidence, they wouldn’t have gone down and 
been surprised when they got stuck in ice. 

Facts matter. Science matters. Data matters. That is what this 
hearing is about — data. 

According to the satellite data, there has been no significant 
global warming for the past 18 years. Those are the data. The glob- 
al warming alarmists don’t like these data. They are inconvenient 
to their narrative. But facts and evidence matters. 

And I would note that many in the media refiexively take the 
side of the global warming alarmists. Refiexively oppose anyone 
who actually points out, well, was John Kerry’s prediction accu- 
rate? No, it was stunningly and entirely false. 

Was the prediction of computer model after computer model that 
showed dramatic warming, were those predictions correct? No. The 
satellite data demonstrate no significant warming over 18 years. 

Public policy should follow science and evidence and data, and I 
would note that I found it amusing that our friends on the Demo- 
cratic side of the aisle, I have discovered, held a press conference 
today as a “prebuttal” to this hearing. I suppose I should view that, 
in a sense, as a back-handed compliment. I am reminded of the 
Bard, “Methinks she doth protest too much.” 

What does it say when members of the United States Senate are 
protesting how dare the Science Subcommittee in the U.S. Senate 
hear testimony from scientists about actual science? How dare we 
focus on such topics? I think that is, indeed, exactly what we were 
elected to do. 

Senator Peters? 

STATEMENT OF HON. GARY PETERS, 

U.S. SENATOR FROM MICHIGAN 

Senator Peters. Thank you, Mr. Chairman. 

And I would first like to thank the witnesses for being here today 
and for your testimony on what is surely a very important topic. 

When we think about global warming, there are risks and there 
are certainties. Let us talk first about the certainties. By burning 
fossil fuels, humans are releasing carbon into the atmosphere that 
would have otherwise remained locked away. This process creates 
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carbon dioxide, a greenhouse gas that traps heat that otherwise 
would have been radiated off into space. 

We know that by the law of conservation of energy that addi- 
tional heat can’t just magically disappear. Instead, it causes our 
planet to get warmer. 

What else is certain? We are already seeing the symptoms of a 
warming planet not just in the temperature records, but in the ris- 
ing sea and shrinking ice levels, in toxic algae blooms that are 
flourishing in the Great Lakes that were made worse by increased 
precipitation, runoff, and warmer water temperatures, tainting 
drinking water for 2.8 million people in recent years. All of that is 
certain. 

Now let us talk about the risk. Managing risk is all about look- 
ing at a range of possible outcomes and consequences, looking at 
the likelihood of each of those consequences, and then looking to 
see if there is anything you can do to reduce the likelihood of those 
consequences or both. 

From our models and from our understanding of the science, we 
see a range of potential outcomes, a range of possible warming 
trends, a range of consequences based on those trends. There are 
implications for our national security, for the economic health of 
our country, for our food supply and agriculture, and for the health 
and safety of Michiganders, Americans, as well as people all 
around the planet. 

The possible consequences of all these areas range from the bad 
to the catastrophic. Given our best scientific judgment of our risk 
posture of the consequences we face as a civilization and the likeli- 
hood of those consequences occurring, we must do what we can to 
mitigate these risks. 

We are going to hear today that there is some disagreement, 
some disagreement in the scientific community over the magnitude 
of that risk. As a matter of fact, I know we are going to hear from 
three scientists and a political commentator and blogger who dis- 
agree with varying aspects of the scientific consensus, as well as 
to argue that the science is not settled. 

We will hear we need to support our scientific community so that 
they can continue to answer the open questions and help policy- 
makers make better — or better understand the risks that we face. 
And we will hear that scientists need to be protected from political 
interference from either side of the aisle. And I certainly agree that 
we need to support our scientific community and protect them from 
political influence, but I also know that while we continue to refine 
the science, we have to act on the risks and findings that our sci- 
entists have discovered. 

I would like to introduce into the record statements and letters 
from various science professional organizations representing tens of 
thousands, tens of thousands of scientists, including the American 
Association for the Advancement of Science, the American Chem- 
ical Society, the American Geophysical Union, the American Mete- 
orological Society, the American Society for Agronomy, Crop 
Science Society of America, Soil Science Society of America, the 
American Statistical Association, the Ecological Society of America, 
the American Institute of Biological Sciences, and the Geological 
Society of America. 
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It is the position of these organizations that the evidence is over- 
whelming that the Earth is warming, global warming is real, and 
that human activity is the primary contributor. 

I would like unanimous consent, Mr. Chairman, to enter these 
statements into the record. 

Senator Cruz. Without objection. 

[The information referred to follows:] 


IWaaas 


December 7, 20 1 5 


The Honorable Ted Cruz 
Commillcc on Commerec. Science, and 
Transpt>natu)n 

404 Russell Senate Office Building 
Washington. DC 20510 


The Honorable Gary Peters 
Committee on Commerce, Science, and 
Transportation 

724 Hart Senate Office Building 
Washington, DC 20510 


Dear Senators Cm/ and Peters: 

As you convene for a hearing to consider our understanding of the magnitude of human impact 
on climate. I vsTilc on behalf of the American Association for the Advancement of 

Science (AAAS) to state the scientific consensus view, as echoed in our Board of Directors* 
2006 Statement on Climate C'hange (attached): "climate change is occurring, and rigorous 
scientific research demonstrates that the greenhouse gases emitted by human activities are the 
primary driver. These conclusions arc based on multiple independent lines of evidence." ITiere 
is virtually no scientihe controversy on the core facts of climate change ba.sed on scientific 
principles uc*vc known from over a hundred years to more recent research. 

Scientists from a broad*rangc of disciplines continue to work each day to strengthen and deepen 
our understanding of the tiarth's climate and humanity's impact thereon. Asking questions and 
collecting and reexamining ev idence is how the scientific process works. Wc arc committed to 
the principle that scientific inquiry and open scientific communication — regardless of field of 
study — should proceed unhampered by intmsions on academic freedom. 

Wc share the Congress’s goal of enabling objective and meritorious climate science research, 
and stand ready to provide a.ssisiancc os you seek to belter understand humanity’s impact on the 
lianh's climate. 


Sincerely, 



Gerald R. Fink 

Chair, AAAS Board of Directors 

Herman and Margaret Sokol Professor 

Whitdicad Institute Massachusetts Institute of Technology 


Vmrricin \«%oriation for the \d\ancrmrnt uf Scieecr 
i:o0 Ncv» V.Hk A\«iuc. NW . Waxhingion. IX USA 

Id :o: 526 6600 202 2*0 WO 
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CmlMrceed: Not fot t«l*M uMi tcjo p-m. ^iAc SUmteid Time 
SunUy, id Febnjify 2007 


AAAS Board Statement 
on Climate Change 

Approved by the Board of Directors 
American Association for the Advancement of Science 

9 December 2006 


The scientiTic evidence K dear: (lobal cO* 
mate chartge caused by human ac(ivitte» 
is occurrirtg now. and it is a growing 
threat to society. Accumulatirtg data from 
across the globe reveal a wide array of 
eflects: rapidly mching glacierv destabi- 
lization of majoc ice sheets, increases In 
extreme weather, rising sea level, shifts 
in species ranges, and more. The pace of 
change and the evidetKe of harm have 
increased markedly over Che last five 
years. The time to control greenhouse 
gas emisstons is now. 

The atmospheric concentration of 
carbon dioxide, a critical greenhouse 
gas. is higher than M has been for at 
least 650,000 years. The average tem- 
perature of the Earth is heading for 
levels not experienced for millions of 
years. Scientinc predictions of the 
impacts of increasing atmospheric con- 
centrations of greervhouse gases from 
fossil fuels and deforestation match 
observed changes. As expected, intensl- 
Ikalion of droughts, heat waves, floods, 
wildfires, and severe storms is occur- 


ring. wHh a mounting loll on vulnerable 
ecosystems ar>d societies. These events 
are early warning signs of even more 
devastating damage to come, some of 
which will be irreversible. 

Delaying action to address climate 
change will Increase the environmerrial 
and societal consequences as well as 
the costs. The longer we wait to tackle 
climate change, the harder and more 
expensive the task wilt be. 

History provides many examples of 
society confronting grave threats by 
mobilizing knowledge and promoting 
innovailon. We freed an aggressive 
research, devclopmeni aruj deployment 
effort to transform the existing and 
future energy systems of the world away 
from technologies that emit greenhouse 
gases. Developing clean energy tech- 
nologies wilt provide economic opportu- 
nities and ensure future energy 
supplies. 

In addition to rapidly reducing green- 
house gas emissions, ft is essential that 
we develop strategies to adapt to 
ongoing changes and make communi- 
ties more resilient to future changes. 


The growing torrent of information pres- 
ents a clear message: we are already 
experiencing global climate change. It is 
time to muster the political will for con- 
certed action. Stronger leadership at all 
levels rs needed. The lime is now. We 
must rise to the challenge. We owe this 
to future generations. 


The conclusions In this statement 
reflect the scientific consensus 
represented bye for example, the 
Intergovernmental Panel on Climate 
Change (www.ipcc.ch/). and the )oint 
National Academies’ statement 
(http://naiionalacademles. 
org/onpi/06073005 .pdf) . 


For more information: 

www.aaas.org/climate 


IWaaas 
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AAAS Board Statement on Climate Change 

Approved by AAAS Board of Directors 

9 December 2006 

Gilbert S. Omenn, Chair. AAAS Board 
Universily of Michigan Health System 

lohn Hoktren, AAAS President 

Harvard Univer^y and The Woods Hole Research Cerrter 

David Baltimore. AAAS President-ElKt 
California Institute of Technology 

David E. Shaw, AAAS Treasurer 
D.L Shaw & Co.. Inc. 

William T. Golden. AAAS Treasurer Emeritus 

Alan L Leshner, AA.AS Chief Executive Officer 

Rosina M. Bierbaum 
University of Michigan 

John £. Dowling 
Harvard University 

lyrm Enqulst 
PriiKeton University 

Dr. Susan Htipatrick 
James S. McOonnell Foundation 

Or. Alke Gast 
Lehigh University 

Or. Thomas D. Pollard 
Yale University 

Or. Peter R. Stang 
University of Utah 

Or. Kathryn 0. Sullivan 
Ohio State University 
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AMERICAN METEOROLOGICAL SOCIETY 

45 BEACON STREET. BOSTON. MA 02108 3693 U S A 

Tki. SI7-227-242S KEITH L.SErrTER.ExccuTivcOmtCTon 

Fax: 617-7424716 E-MAtt 1iM4ttfOain*lMC org 

Eauil anwnloOamttMe oig 
Wes WWW amataoe wg 


7 December 20 1 5 


Hie Honorable Ted Cruz, chairman 
Subcommitice on Space. Science, and CompctiiivcrK'ss 
Commitlec on Commerce. Science & Transportation 
Russell Senate Office Building. Room 254 
Washington DC. 20510 

Dear Senator Cruz; 

Hie topics identified for discussion in die hearing titled "Data or Dogma*’ Promoting Open lnquir> in the 
Debate over the Magnitude of Human Impact on Karth's Climate” arc important ones 'Hie Amencan 
Meteorological Sociciv (AMS) is strongh' committed to open scientific debate, the free expression of 
scientific ideas, and the freedom for scientists to pursue research topics ^Mthout political interference.' In 
msponse to h%o recent efforts to question the integrity of scientists that appear political!) molivaicd. AMS 
%\rote letters expressing concern, ssith one of those letters supporting tvxooftlie witnesses selected b> you 
and the Majority staff to appear in this heanng * 

AMS has also been a strong champion of the scientific process Hiai process includes peer-review of 
scientific articles followed by further vetting, testing, and validating of concepts and ideas by independent 
experts — discarding findings that cannot successfully withstand such testing Scientists face strong 
professional incentives to prove each other wrong and relish doing so. This constitutes an extremely 
robust and self-correcting nature for socniific research This process is not w ithout instances of failure, 
but indeed, we know of Uiosc failures precisely because of diis self-correcting nature Hie scientific 
process has an overall record of success that is outstanding and it has scAcd this nation and the world 
well for many decades 

While Congressional hearings can be useful in highlighting areas of concern, exploring specific issues in 
more depth, or providing explanations of the peer-reviewed literature, scicncc-based policy decisions 
should build on know ledge and undcrslandir^ developed from the full oorpu.<i of peer-rev ievved scientific 
literature In icmis of climate change. AMS has noted'; 

Hie primary findings of climate change science have been wcllestablislicd m the peer-reviewed 
scioicc literature and replicated by numerous independent investigators and methodologies. Blue- 
ribbon panels of scientists convened by oiganizations such as the National Academy of Sciences 
have earned out formal evaluations of scientific studies and provide a consensus opinion 
regarding climate change Leading scientific organizations beyond the AMS (e g . American 
Association for the Advancement of Science. American Geophysical Union, and European 
Geophysical Union) have considered the state of the science and are in consensus on the topic as 
well. There are small scientific differences as research continues to refine the details, but there is 
strong agreement on the primary findii^s and essentially no controversy wiUi respect to them 

Those findings can be summarized as**: 

There is unequivocal evidence that Earth's lower atmosphere, ocean, and land surface arc 
warming; sea level is rising; and snow cover, mountain glaciers, and Arctic scarce are shrinking. 
Hie dominant cause of the warming since the 1950$ is human activities. This scientific finding is 


SCmWOTHKATMOSmCIhCANeiltLArEOACeiKCC TCCMNOLOOli«.AI>nKAT)PW» AMOACIWUCAfOMTHEHNEFITOraoeCrrMNCI 1010 
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based on a large and persuasive body of research. Tlie observed warming will be irreversible for 
many years into the future, and even larger lemperaiure increases will occur as greenhouse gases 
continue (o accumulate in the atmo^cre 

To be sure, there are uncertainties in many aspects of the science on climate variability and climate 
charge, but AMS has been clear in stating that those unceilainlies do not alter the nature of the policy 
challenge faeing the United Stoles arvd the world: people are responsible for most of the recent climate 
charge, climate change poses serious risks to our society , and we have numerous options for responding 
that can help reduce those risks. Quoting again from the same statement'': 

Technological, cconcnnic. and policy choices in the near future w ill dctcnninc the CNtcnt of future 
impacts of climate change Science-based decisions are seldom made in a contcM of absolute 
certainty . National and miemationai policy discussions should include consideration of the best 
way s to both adapt to and mitigate climate change Mitigation w ill reduce the amount of future 
climate change and the risk of impacts that are potentially large and dangerous. Ai the same time, 
some continued climate change is inevitable, and policy responses should include adaptation to 
climate change. 

Science is llic pursuit of knowledge and understanding. Therefore, science alone cannot determine the 
best policy option because policy choices include subjective valuejudgmcnts(i.c.. opinions and personal 
preferences) Nevertheless, we encourage the Subcommittee to rely on tltc full body of peer-reviewed 
literature on climate science as the most reliable source for knowledge and understanding iliat can be 
applied to the policy options. AMS stands ready to provide you and the Subcommittee clarification on its 
positions with respect to freedom of scientific inquiry, academic freedom, the peer-review process, or 
climate science 


Sincerely. 



Dr Keith U Scitter 
Executive Director 


CC: The Honorable Gary Peters. Ranking Member 


See AMS Siaicnicni. ‘'Freedom ofScKnlific Expression" (2012): 

tuiDS : iimcisoe oiu/aiiiviiiticv cfiiVaboul-;uns/anis-stik:mciilVMJlcincitfs-of-ttic-aiiw-iii» 


* See AMS letters: 


: omniitlcc-on-tMiur4l-resoiirccs-ons:liallcrittcsHQ-acadcnHC-ftecdQnv' 
1l lll»■/^vv^u2■al^(nsQC■Q^«/aJl&^lndcvcfltVabo^l•all^&/alns•fonml-lc^cr^•o^suppQ^^-lcHCHo•l)o^ve• 
piHtnitice-oti-scicncc-sixicc-and-icchnoloitv-oti-tiom-scicncc/ 

mps./AvwsO.amcisQcore/ains^indcvcfm/abQut-anis/atiis-fomul-lcttcfv-of-HiDootViQmt-kiicr-io-liouw- 
:x)mmitlcc-on-sciC[Ke-5Pacc-and-tcchnolQgv -ofUiQaa-scicncc/ 

* See AMS Staicincm: "Clinutc Science Is Core to SciciKC Education" (2013): 
hltift A»v>»2.aiiKtsoe ptK/aiiiVnidcv<JttVabQut-auE>'. iii>s-statCfnciis/MaicnK:ta s-Qf-ilic-aiiB-_ui- 
fOIK/CilHIilK-SCtCnCC-tS-WK’Ht^KHg-tdUHUOt^ 

* See AMS Sbiicmcia "Clinutc Clunge" (2012): 
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^American Institute 
qr Biological Sciences 


December 7. 2015 

The Honorable Ted Cruz 
Chairman 

Senate Commerce Subcommittee on Space. Science, and Competitiveness 
512 Dirksen Senate Office Building 
Washington, DC 20510 

The Honorable Gary Peters 
Ranking Member 

Senate Commerce Subcommittee on Space. Science, and Competitiveness 
427 Hart Senate Office Building 
Washington, DC 20515 

Dear Chairman Cruz and Ranking Member Peters. 

At a time when the world's political, civic, and business leaders are gathered to 
negotiate a global compact to address climate change, it is disappointing that the 
Subcommittee on Space. Science, and Competitiveness is holding a hearing intended 
to sew seeds of uncertainty about climate science. A more timely hearing would be one 
that focuses the nation's attention on actions that will help us to mitigate and adapt to 
rapid climate change 

The vast majority of scientists agree that the composition of Earth s atmosphere is 
changing rapidly and that humans are causing these changes The resulting increase in 
global temperatures is having pH’ofound impacts on the planet's natural and human 
systems These impacts are expected to intensify if climate change is not addressed 
Many living systems are rvst able to respond to our rapidly changing environment. 
Species are being driven to extinction and the ecosystem processes we depend upon 
for such things as clean air and water are being disrupted 

The scientific evidence for the climate change we are experiencing is vast and can be 
found in the pages of the leading scientific and technical journals from arourxj the world. 

The scientific community encourages the Subcommittee to focus attention on the 
science that can help inform climate mitigation and adaptation 


Sincerely, 



Robert Gropp. Ph D. 

Interim Co-Executive Director 


ADVANCING RESEARCH & EDUCATION IN THE BIOLOGICAL SCIENCES 
HU I sTRErr Kw isunr 200 1 vashincton. dc 200M 1 202.628. hm) 
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Senator Peters. Thank you. 

We know that there will always he more to learn. We will un- 
doubtedly find more down the road that there is more to discover 
about what we don’t know. And that is really the beautiful thing 
about science, we always have more to learn. 

But knowing that there is more to learn should not, it should not 
stop us from acting on what we know now. We must discuss and 
determine what actions we need to take to limit the serious risks 
that we face, and there are many things that we can do that are 
not just good for the environment, but are good for the economy. 
Investments in clean energy create good-paying jobs and help us 
produce the energy we need right here in the United States. 

For example, Michigan is home to more than 220 wind and solar 
companies, representing tens of thousands of jobs. The growth in 
Michigan’s clean energy sector can be attributed in part to the 
state’s renewable electricity standard, which requires 10 percent of 
the state’s energy to come from renewables. 

But there is a lot of room to grow. If industry sourced its parts 
from local manufacturers, renewable energy could support over 
20,000 Michigan jobs in manufacturing alone by 2020. What is 
more, expanding Michigan’s renewable electricity standard from 10 
percent to over 30 percent by 2030 would generate more than $9 
million — $9 billion, $9 billion in new capital investments, invest- 
ments in research and science, including the understanding of our 
Sun-Earth system, pay dividends for our country’s future economic 
growth, our economic competitiveness, and our very way of life. 

China certainly understands that. So if we miss this opportunity 
to make these investments now, we may soon find ourselves falling 
behind in the global economy. So let us focus on innovating our 
way out of this problem, and let us take a big step forward as a 
country. 

Senator Cruz. Thank you. Senator Peters. 

Senator Nelson, the Ranking Member on the Full Committee, 
has requested to give an opening statement as well. 

STATEMENT OF HON. BILL NELSON, 

U.S. SENATOR FROM FLORIDA 

Senator Nelson. Thank you, Mr. Chairman. 

Before I make a couple of comments, I want to address a par- 
liamentary inquiry. There is a sign out there on the witness table — 
Mr. Mair, Aaron Mair, president of the Sierra Club. Did — was Mr. 
Mair extended a formal invitation by the Chairman of this com- 
mittee, Senator Thune? 

Senator Cruz. He was invited by me, the Chairman of this sub- 
committee, and he declined. And momentarily, I am going to de- 
scribe the circumstances behind that invitation and his decision not 
to attend. 

Senator Nelson. OK. I would just note that the protocol and the 
rules of the Committee are such that invitations for all witnesses 
are extended by the Chairman of the Committee, and I would like 
the record to reflect that such an invitation by Senator Thune, our 
Chairman, was not extended. And therefore, there should be no 
place up there at the witness table, but that should be noted for 
the record. 
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Now, Mr. Chairman, rather than get this started off in an adver- 
sarial way, you and I have had a very good relationship. We have 
worked together on the space program, and you and I have some 
significant differences about this issue. And so, rather than it be 
contentious, I want it to be factual. 

First of all, I would like to show a couple of pictures of what is 
happening in Miami Beach right now. Now I had the privilege a 
couple of years ago, when I was Chairman of the Science and Space 
Subcommittee, of taking our Commerce Committee to Miami 
Beach. And Miami Beach is basically ground zero in the United 
States for what we are seeing as a consequence of global warming, 
and that is sea level rise. 

We had a NASA scientist that testified at the hearing that over 
the last 40 years, measurements — these are measurements, not 
forecasts, not projections, they are measurements — that the seas 
have risen in south Florida from 5 to 8 inches. This photograph is 
a consequence at seasonal high tide of what is happening on the 
streets of Miami Beach. 

Now, interestingly, a couple of years earlier, the present Mayor 
of Miami Beach, in running for Mayor, did an actual campaign 
commercial in a kayak on Alton Road, which is on the opposite side 
of the barrier island, the west side of the barrier island from this. 
This is not far from the actual ocean. 

This one as well, you can look down the street there and see the 
sky in the background. That is about a couple of blocks down to- 
ward the beach. 

The campaign commercial in a kayak was at the October sea- 
sonal high tide on Alton Road, which is on the opposite side of the 
barrier island. And the fact is that we are having to deal with this. 

Now there is another consequence of this, and that is what you 
heard of saltwater intrusion. Saltwater is heavier than freshwater. 
Florida sits on a honeycomb of limestone that is filled with fresh- 
water. That is where we get our freshwater, from the aquifer un- 
derneath. 

As the saltwater rises and sea level rise, the greater pressure be- 
cause of the heavier water is intruding into the interior, and we 
have had a number of municipal wells that are now too salty. And 
it is another consequence. 

So some of us, representing our constituents, have to deal with 
the realities of what we see. I might point out that when you talk 
about measurements, 1992 we launched a satellite called Topex. It 
had an altimeter. It takes precise measurements of the surface of 
the ocean, and its successor satellites, Jason-1 and Jason-2, have 
been collecting that data. And observation, not projections, the data 
tells us that the average global sea level is rising at about 3.2 milli- 
meters a year since 1993. That is about a tenth of an inch, or over 
a decade an inch. 

So I am glad that you were kind enough to let Senator Peters 
invite a minority witness, and we brought in Admiral David Titley, 
a lifelong public servant, a scientist, a decorated military officer 
from his naval career. And he is going to discuss this much more 
in detail. In addition to climate science, the admiral is an expert 
in oceanography, tropical meteorology, weather risk, and how all of 
this will impact our national security. 
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We need to understand how climate change is affecting all of the 
calculations that go into our national security by our national secu- 
rity teams. And after 32 years in the U.S. Navy, he now works at 
Pennsylvania State University. 

So I will conclude my remarks and insert the rest of them in the 
record, with the Chairman’s permission. 

Senator Cruz. Without objection. 

[The prepared statement of Senator Nelson follows:] 

Prepared Statement of Hon. Bill Nelson, U.S. Senator from Florida 

Mr. Chairman, I welcome today’s debate about science surrounding the impact of 
climate change. 

In my state of Florida, we have over 1,260 miles of coastline — more than any 
other state in the continental U.S. 

Over three quarters of the state’s residents live in coastal counties. And Florida 
is quite flat. Britton Hill is the highest point at 345 feet above sea level. 

In Florida, you can see and touch sea level rise. I’m going to show you some pho- 
tographs taken on Miami Beach in September. 

The first was taken along Indian Creek Road, and you can see the water flooding 
higher than the curb as this gentleman attempts to cross the street. 

In the second, you can see leaves and debris floating down a city sidewalk. 

So as you can see, Floridians do care a great deal about what the sea level is 
doing on any given day. 

In 1992, NASA launched a satellite called TOPEX/Poseidon with an instrument 
called an altimeter, which takes precise measurements of the surface of the ocean. 
Since then, its successor satellites, JASON-1 and JASON-2, have been collecting 
that data. 

Observation — not models, not projections, not dogma, but the data — tells us that 
the average global sea level is rising at about the rate of 3.2 millimeters a year 
since 1993. 

Today it is my distinct pleasure to welcome one of our panelists. Admiral David 
Titley — a lifelong public servant, a scientist, and a decorated military officer, who 
will discuss this data in more detail. 

In addition to climate science. Admiral Titley is an expert in oceanography, trop- 
ical meteorology, weather risk, and how those phenomena impact our national secu- 
rity. After 32 years in service to the U.S. Navy, Admiral Titley now works at Penn- 
sylvania State University. 

I look forward to hearing from him and the other members of our panel. 

Mr. Chairman, while I welcome today’s debate, I’m sorry to say that it won’t rep- 
resent the kind of objective and representative dialogue that’s needed. 

It’s ironic that we’ve got three scientists giving one side of the story, and only one 
opportunity to present a different perspective. 

As one who fiercely opposes any attempts to intimidate, censor or muzzle sci- 
entists, for this panel to hold a hearing without having a broad cross-section of ex- 
perts only invites questions about the true openness of the hearing and the motives 
behind it. 

Whatever that motive is, I think it’s worth mentioning that when the Senate 
voted in March on my amendment to prohibit the use of tax dollars to censor pub- 
lically-funded climate-related science a majority of Senators — 51 to be exact — agreed 
with me. 

In fact, some of my Republican colleagues on this committee voted for my amend- 
ment — so I thank Senator Ayotte and Senator Rubio for their support. 

But even with a majority of the Senate’s support, the amendment failed because 
of politics. 

To most people, a vote against scientific censorship is common sense. But in the 
Senate, that was actually a courageous vote. 

In the future, I hope more members of this committee will join my fight for open 
inquiry. 

Senator Cruz. Thank you, Senator Nelson. 

I would now like to welcome each of our expert witnesses. Thank 
you for coming to testify to this panel. 
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The first witness is Dr. John Christy. Dr. John Christy is the 
Distinguished Professor of Atmospheric Science at the University of 
Alabama in Huntsville and is Alabama’s State climatologist. 

He has been awarded NASA’s Medal for Exceptional Scientific 
Achievement, was elected a fellow of the American Meteorological 
Society, which also selected him for the special award for building 
climate datasets from satellites, and served as lead author of the 
U.N.’s Intergovernmental Panel on Climate Change. Beginning as 
a teenager. Dr. Christy has studied climate for the past 50 years. 

Dr. Judith Curry currently serves as a professor and is former 
Chair of the School of Earth and Atmospheric Sciences at the Geor- 
gia Institute of Technology, in addition to serving as President of 
Climate Forecast Applications Network. Dr. Curry received a Ph.D. 
in atmospheric science from the University of Chicago. 

Dr. Curry has recently served on the NASA Advisory Council 
Earth Science Subcommittee, the DOE Biological and Environ- 
mental Research Advisory Committee, the National Academy’s Cli- 
mate Research Committee and the Space Studies Board, and the 
NOAA Climate Working Group. Dr. Curry is a fellow of the Amer- 
ican Meteorological Society, the American Association for the Ad- 
vancement of Science, and the American Geophysical Union. 

Dr. William Happer currently serves as a Cyrus Fogg Bracket 
Professor of Physics at my alma mater, Princeton University, and 
has spent most of his professional life studying the interactions of 
visible and infrared radiation with gases, one of the main physical 
phenomena behind the greenhouse effect. 

Throughout his career, he has published over 200 papers in peer- 
reviewed scientific journals and is a member of a number of profes- 
sional organizations, including the American Physical Society, and 
the National Academy of Sciences. Dr. Happer also served as the 
Director of Energy Research at the Department of Energy from 
1990 to 1993, where he supervised all of DOF’s work on climate 
change. 

Mr. Mark Steyn is an international bestselling author, a top five 
jazz recording artist, and a leading Canadian human rights activ- 
ist. Mr. Steyn recently contributed to the number one climatology 
bestseller. Climate Change: The Facts, and edited another number 
one climatology bestseller, A Disgrace to the Profession: The World’s 
Scientists in Their Own Words on Michael Mann, His Hockey Stick, 
and Their Damage to Science, Volume 1. 

In his capacity as a human rights activist, Mr. Steyn’s human 
rights campaign to restore free speech to Canada led to the repeal 
by parliament of the notorious Section 12 hate speech law, a battle 
he recounts in his book. Lights Out: Islam, Free Speech, and the 
Twilight of the West. 

And then Dr. David Titley, who Senator Nelson mentioned al- 
ready. Dr. Titley currently serves as Professor of Practice in the 
Department of Meteorology at the Pennsylvania State University 
and is the Founding Director of Penn State’s Center for Solutions 
to Weather and Climate Risk. 

Dr. Titley holds a Bachelor of Science in meteorology from the 
Pennsylvania State University. From the Naval Postgraduate 
School, he earned a Master’s of Science in meteorology and physical 
oceanography and a Ph.D. in meteorology. Prior to joining Penn 
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State, Dr. Titley served as a naval officer for 32 years and rose to 
the rank of Rear Admiral. 

His career included duties as Commander, Naval Meteorology 
and Oceanography Command; oceanographer and navigator of the 
Navy; and Deputy Assistant Chief of Naval Operations for Informa- 
tion Dominance. He has also served as Senior Military Assistant 
for the Director, Net Assessment in the Office of the Secretary of 
Defense. While serving in the Pentagon, Dr. Titley initiated and led 
the U.S. Navy’s task force on climate change. 

After retiring from the Navy, Dr. Titley served as the Deputy 
Under Secretary of Commerce for Operations, the Chief Operating 
position at the National Oceanic and Atmospheric Administration, 
NOAA. 

The final witness that we had hoped to have today is Mr. Aaron 
Mair, the President of the Sierra Club. I would note a number of 
weeks ago, Mr. Mair was witness at another hearing that I chaired 
in the Oversight Subcommittee of the Judiciary Committee. This 
was a hearing concerning the effect of overregulation on minority 
communities and, in particular, the devastating impacts of over- 
regulation in the Obama administration on the Hispanic commu- 
nity and the African-American community. 

There were a host of witnesses that testified to the job losses, to 
the stagnating wages as a consequence of overregulation from the 
Federal Government. Mr. Mair was one of the witnesses, a minor- 
ity witness invited by the Democrats. Mr. Mair’s testimony con- 
cerned global warming. 

In the course of that hearing, I asked Mr. Mair about the sci- 
entific basis for his testimony. In particular, I asked him how he 
responded to the fact that the satellite data demonstrate no signifi- 
cant warming whatsoever for the past 18 years. 

Mr. Mair, by all appearances, did not have the foggiest idea what 
the satellite data demonstrated. Indeed, he repeatedly turned to his 
staff members behind him and was unable to answer even basic 
questions. 

At the conclusion of the questioning, my friend, the Ranking 
Democrat on the Committee, Senator Chris Coons, stepped to Mr. 
Mair’s defense, and he said — in fact, I will read his quote directly. 

Senator Coons said, “Thank you, Mr. Chairman. I just simply 
wanted to observe that we have a broadly representative and quali- 
fied group of folks who were brought here to talk about overregula- 
tion and its impact on minority communities. And I do not speak 
for the Sierra Club, obviously, but it is my hope and expectation 
that if you want to pursue that line of inquiry with them further, 
they would be happy to.” 

At that suggestion from Democratic Senator Coons that we hold 
a subsequent hearing on global warming, we have announced this 
hearing. Now I did note at the time that the entire substance of 
Mr. Mair’s both written and oral testimony to the Subcommittee 
concerned global warming, and yet he was unprepared to discuss 
even the basic science behind what he was testifying to. 

My office reached out to Mr. Mair and invited him to come testify 
on this panel, and we did so in consultation with the Chairman of 
the full Committee, Senator Thune. Mr. Mair turned down that in- 
vitation. And so, without objection, I would like to enter into the 
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record the written correspondence, the e-mail between my office 
and Mr. Mair extending the invitation and the Sierra Club’s re- 
sponse to that, declining to attend. 

[The information referred to follows:] 


From: John Coequyl [mailto)ohncoeqiiytO$ierTaciub org] 

$«nt: Monday, Novernber 23. 2015 5:30 PM 
To: Mcban, S«an (Cru 2 ) 

Subject: Re. Senate Commerce Comrrenee Hearing 
Sean 

Nice to meet you etectronically. Thanks for reaching out. I am sorry that wiH not be possible. 
John 


On Nov 20,2015. at 4 57 PM. Mctean.Sean (Cruz) wrote 
John. 

I wanted to ntroduce myself I work for US Senator Ted Cruz and he^) run his Subcommittee on 
Space. Scterrce arxl Competitiveness on the U S. Senate Commerce Committee We are planningon 
holding a hearing on December fthal 3pm examinrg global warming Senator Cruz would like to extend 
an ffTvtation to Aaron Mair to testify I wanted to check with you to see how we should proceed in 
extending an InvSabon to Mr Mak? If you prefer. I am more than happy to grve you a call to discuss the 
hearing in additional detail. 

Best 

Sean 


Scan McLean 
IxKi^foliw .-(rmWH/ 

L' S Senator Ted Cruz(R-T\) 
vfuz_a:Daii:j;o\ 

(jet Cru/ updates here 
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Senator Cruz. In Mr. Mair’s honor, we have a spot at the table 
for him. 

I would note that it is striking the Sierra Club, a national advo- 
cacy organization that devotes the lion’s share of its energy to ad- 
vocating for global warming, was unwilling to come and defend the 
merits of its position based on the science or the data. To any fair 
or impartial observer, the Sierra Club’s refusal even to engage in 
a discussion of the science should speak volumes. 

And with that. Dr. Christy, we are ready to receive your testi- 
mony. 

Senator Nelson. Mr. Chairman, if I may, I would like to likewise 
enter into the record all the letters of invitation extended to the 
witnesses, and the record will note that there is no such letter of 
invitation to the gentleman that you are speaking about. 

Senator Cruz. Without objection. 

[The information referred to follows:] 
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United States Senate 

COMMnTIE ON COMMERCE. SOENCC. 
AND TRANSPORTATION 
WASMINOTON. DC ^0S10-em 
WiBttil' http:tfcomm«ro«.Mnata.oov 


December 2, 2015 


Dr. John R. Christy 
Professor and Director 
Earth System Science Center, NSSTC 
University of Alabama in Huntsville 
320 Sparkman Drive, NSSTC 4040 
Huntsville. AL 35805 

Dear Dr. Christy: 

'Fhe Senate Committee on Commerce, Science, and Transportation will hold a hearing in the 
Subcommittee on Space. Science, and Competitiveness entitled. “Data or Dogma? Promoting Open 
Inquiry in the Debate Over the Magnitude of Human Impact on Earth's Climate." on Tuesday. 
December 8, 20 1 5, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request 
of the Subcommittee Chairman. I invite you to testily. 

The hearing will focus on the ongoing debate over climate science and the magnitude of human 
impact on Earth’s climate. We ask that your testimony draw on your experience as the distinguished 
Professor of Atmospheric Science and Director of the Earth System Science Center at the 
University of Alabama in Huntsville and discuss satellite temperature trends, surface temperature, 
and any other relevant issues you wish to bring to the Committee’s attention. 

Please submit your written testimony to the Committee two business days prior to the hearing. 
While your full statement will be made part of the hearing record, we ask that you limit your oral 
remarks to no more than live minutes, highlighting or summarizing the most important 
points. Attached to this letter are more detailed instructions for Committee wititesses. including 
directions for submitting an electronic copy of your testimony to the Committee. 

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224^1251 
or Nick Cummings with the Democratic stall at (202) 224*04 1 1 . Thank you for your consideration 
of this request. 


Sincerely, 


JOHN THUNF. 
Chairman 
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United States Senate 

COMMlTTiE ON COMMERCE. SCIENCE, 
AND TRANSPORTATION 
WASHINGTON. OC 20610-6I2S 
WcBSiTC' htt^yAOfnmotca.Mnate.gov 


December 2. 2015 


Dr. Judith Cuirj’ 

School of Earth & Atmospheric Sciences 
Georgia Institute of Technology 
3 1 1 Ferst Drive 
Atlanta, GA 30332-0340 

Dear Dr. Curry: 

The Senate Committee on Commerce, Science, and Transportation will hold a hearing in the 
Subcommittee on Space, Science, and Competitiveness entitled, “Data or Dogma? Promoting Open 
Inquiry in the Debate Over the Magnitude of Human Impact on Earth’s Climate,*' on Tuesday, 
December 8. 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request 
of the Subcommittee Chairman. 1 invite you to testify. 

The hearing will focus on the ongoing debate over climate science and the ma^tude of human 
impact on Earth's climate. Wc ask that your testimony draw on your experience as the Chair of the 
School of Earth and Atmospheric Sciences at the Georgia Institute of Technology and discuss the 
question of whether there is consensus in climate science, possible scenarios for the 21" century 
climate, and any other relevant issues you wish to bring to the Committee’s attention. 

Please submit your written testimony to the Committee two business days prior to the hearing. 
While your full statement will be made pari of the hearing record, we ask that you limit your oral 
remarks to no more than five minutes, highlighting or summarizing the most important 
points. Attached to this tetter are more detailed instructions for Committee witnesses, including 
directions for submitting an electronic copy of your testimony to the Committee. 

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251 
or Nick Cummings with the Democratic staff at (202) 224-0411. Thank you for your consideration 
of this request. 


Sincerely, 



Chairman 
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United States Senate 

COMMrmE ON COMMERCE. SOENCE, 
AND TRANSPOfl T ATK)N 
WASHINGTON, DC 20eiO-at2S 
Wimin: htlpy/eommarM Mnatt-oov 


December 2. 2015 


Dr. William Happer 
Department of Physics 
Princeton University 
258 Jadwin Hall 
Princeton, NJ 08544 

Dear Dr. Happer: 

The Senate Committee on Commerce. Science, and Transportation will hold a hearing in the 
Subcommittee on Space, Science, and Competitiveness entitled. “Data or Dogma? Promoting Open 
Inquiry in the Debate Over the Magnitude of Human Impact on Earth's Climate,** on Tuesday. 
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Offtcc Building. At the request 
of the Subcommittee Chairman, 1 invite you to testily. 

The hearing >viil focus on the ongoing debate over climate science and the magnitude of human 
impact on Earth's climate. We ask that your testimony draw on your experience as the Cyrus Fogg 
Bracket Professor of Physics at Princeton University and discuss the scope of government funding 
of climate science, its impact on research, as well as any other relevant issues you wish to bring to 
the Committee's attention. 

Please submit your written testimony to the Committee two business days prior to the hearing. 
While your full statement will be made pan of the hearing record, we ask that you limit your oral 
remarks to no more than live minutes, highlighting or summarizing the most important 
points. Attached to this letter are more detailed instructions for Committee witnesses, including 
directions for submitting an electronic copy of your testimony to the Committee. 

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224> 1 25 1 
or Nick Cummings with the Democratic staff at (202) 224>04 1 1 . 'fhank you for your consideration 
of this request. 


Sincerely, 



Chairman 
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United 5>tatc8 Senate 

COMMirriE ON COMMERCE. SOENCE. 
AND TRANSPORTATION 
WASHINOTON, DC 70Et0-ei7S 
WiBSin hQp://comm««x».MnsU.QOv 


December 2,2015 


Mr. Mark Sleyn 
P.O. Box 30 
Woodsville, NH 03785 

Dear Mr. Sleyn: 

The Senate Committee on Commerce, Science, and Transportation will hold a hearing in the 
Subcommittee on Space, Science, and Competitiveness entitled, ‘‘Data or Dogma? Promoting Open 
Inquiry in the Debate Over the Magnitude of Human Impact on Earth's Climate," on Tuesday. 
December 8, 201 5, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request 
of the Subcommittee Chairman. I invite you to testily. 

The hearing will focus on the ongoing debate over climate science and the magnitude of human 
impact on Earth's climate. We ask that your testimony draw on your experience as an author and 
commentator on matters related to climate science to discuss the uncertainty and politicization of 
climate science, and any other relevant issues you wish to bring to the Committee's attention. 

Please submit your written testimony to the Committee two business days prior to the hearing. 
While your (till statement will be made part of the hearing record, we ask that you limit your oral 
remarks to no more than five minutes, highlighting or summarizing the most important 
points. Attached to this letter arc more detailed instructiems for Committee witnesses, including 
directions for submitting an electronic copy of your testimony to the Committee. 

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251 
or Nick Cummings with the Democratic staff at (202) 224-04 1 1 . Thank you for your consideration 
of this request. 


Sincerely. 


JOHN THUNK 
Chairman 
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United States Senate 

COMMfTTtE ON COMMERCE. SCIENCE. 
AMO TRANSPORTATION 
WASHINGTON. DC 20610-6136 
WtMirt: Mtpy/commorca.MnMa.gov 


December 2 , 2015 


Dr. David W Tilley, RADM USN (ret.) 
Professor of Practice in Meteorology 
Penn State Department of Meteorology 
523 Walker Building 
University Park, PA 16802 


Dear Dr. Tilley: 

The Senate Committee on Commerce, Science, and Transportation will hold a hearing in the 
Subcommittee on Space, Science, and Competitiveness entitled, “Data or Dogma? Promoting Open 
inquiry in the Debate Over the Magnitude of Human Impact on Earth's Climate,” on Tuesday, 
December 8, 2015, at 3:00 p.m. in room 253 of the Russell Senate Office Building. At the request 
of the Subcommittee. I invite you to testify. 

The hearing will focus on the ongoing debate over climate science and the magnitude of human 
impact on Earth's climate. We ask that your testimony draw on your experience in the national 
security community and as a researcher on climate and climate related issues, and any other relevant 
issues you wash to bring to the Committee's attention. 

Please submit your written testimony to the Committee two business days prior to the hearing. 

While your lull statement will be made pan of the hearing record, we a^ that you limit your oral 
remarks to no more than five minutes, highlighting or summarizing the most important 
points. Attached to this letter are more detailed instructions for Committee witnesses, including 
directions for submitting an electronic copy of your testimony to the Committee. 

If you have any questions, please contact Bailey Edwards of the Republican staff at (202) 224-1251 
or Nick Cummings with the Democratic staff at (202)224-041 1. Thank you for your consideration 
of this request. 

Sincerely, 

I JOHN THUNE 
Chairman 
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Senator Cruz. And there was no formal letter issued because he 
had preemptively turned down the invitation on the front end. 

And with that, Dr. Christy? 

STATEMENT OF JOHN R. CHRISTY, Ph.D., DISTINGUISHED 
PROFESSOR OF ATMOSPHERIC SCIENCE AND DIRECTOR OF 
EARTH SYSTEM SCIENCE CENTER, UNIVERSITY OF 
ALABAMA IN HUNTSVILLE 

Dr. Christy. Thank you, Chairman Cruz and Ranking Member 
Peters and Ranking Member Nelson, for this opportunity to speak 
about climate change. 

I am John Christy, Professor of Atmospheric Science at the Uni- 
versity of Alabama in Huntsville and Alabama State climatologist. 
I have served in many climate science capacities, including lead au- 
thorship of the United Nations IPCC. 

I, along with Dr. Curry, have the distinction of being two of the 
seven scientists targeted by Representative Grijalva for investiga- 
tion because our views about climate change differ from those of 
the administration. 

My research might best be described as building datasets from 
scratch for 50 years to help us understand what the climate is 
doing and what it might do and why it does what it does. The two 
main points of my verbal testimony are simple. 

First, the basis on which the popular view that human-caused 
climate change is dangerous does not pass simple validation tests. 
Second, the attempt to study climate change with an objective eye 
is thwarted by the Federal funding process. 

Now we at UAH monitor climate change for such variables as 
temperature. However, no one has a direct means to tell us why 
the temperature changes. Our thermometers only tell us what has 
happened. They do not tell us why it happened. There is really no 
way to prove why climate does what it does. 

Now so to try to understand why the changes occur, we make 
claims or hypotheses using climate models whose equations at- 
tempt to approximate all of the important factors that affect the 
climate. If these equations are accurate, we can then see how each 
factor, such as greenhouse gases or volcanoes, might affect the cli- 
mate, and therefore, we could learn what the cause of these 
changes might be. 

Now one variable, according to climate models, that has the larg- 
est response to extra greenhouse gases is the temperature of the 
bulk atmosphere, and this is the layer from the surface to about 
50,000 feet in altitude. As shown in my written testimony and as 
you can see on the chart to my left, the models fail this very sim- 
plest of validation tests. They can’t even reproduce what has al- 
ready happened in the past 37 years. 

One hundred and two climate model runs warm up the bulk 
layer of the atmosphere by an average factor of 3 more than what 
has actually occurred. Now being off by a factor of 3 does not qual- 
ify as settled science in my view. 

Now why are studies like this so hard to find? It goes back to 
the way Federal funding occurs. Today, contrarian proposals, such 
as one I might write, that want to, say, look rigorously and test cli- 
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mate models against reality or to test various ideas about how nat- 
ural variability causes these changes are rarely, if ever, funded. 

This is due to the fact the panels which decide this type of fund- 
ing are dominated by those with the establishment point of view 
about dangerous climate change. Since there are many more pro- 
posals than funding allows, a contrarian proposal has essentially 
no chance of receiving funding because the panel decides these 
things by votes. 

Now in my view. Congress needs to fix this problem by directly 
funding red teams which are not part of the climate modeling in- 
dustry to test the basis for the claims that human-induced climate 
change is dangerous. The Congress needs objective eyes on this 
issue because it is such a big-ticket item for everyone involved. 

Now it is no secret that the State of Alabama is in a desperate 
fight with the Federal EPA. Our elected officials understand, as do 
I, their state climatologist, that the regulations being established 
will do nothing to alter whatever the climate is going to do. In fact, 
even if the United States of America disappeared today — no people, 
no cars, no factories — the impact would be negligible on whatever 
the climate does. 

Alabama is fighting for our industries, which are being tempted 
by lower costs in Mexico and China, where their emissions would 
actually rise if they move there. We are fighting for our utilities, 
which sell over 30 percent of their electricity production to nearby 
states who need it. And we are fighting for the many poor people 
in our state who do not need another hike in their utility rates to 
satisfy a regulation whose only impact will be to further drain their 
meager resources. 

This is a time when even so-called green countries like Germany 
and Japan — that is Germany and Japan — are adding to their car- 
bon emissions by building more coal-fired power plants while the 
rest of the world moves toward more carbon-based energy. 

To me, it is not scientifically justifiable or economically rational, 
that this Nation should establish regulations whose only discern- 
ible consequence is an increase in economic pain visited most di- 
rectly and harshly on the poorest among us. This happens when 
the scientific process that allegedly underpins regulations lacks ob- 
jectivity and transparency. 

Thank you. 

[The prepared statement of Dr. Christy follows:] 

Prepared Statement of John R. Christy, Distinguished Professor of 

Atmospheric Science and Director of the Earth System Science Center, 

University of Alabama, Huntsville; Alabama State Climatologist 

I am John R. Christy, Distinguished Professor of Atmospheric Science, Alabama’s 
State Climatologist and Director of the Earth System Science Center at The Univer- 
sity of Alabama in Huntsville. I have served as a Lead Author, Contributing Author 
and Reviewer of United Nations IPCC assessments, have been awarded NASA’s 
Medal for Exceptional Scientific Achievement, and in 2002 was elected a Fellow of 
the American Meteorological Society. 

It is a privilege for me to offer my analysis of the current situation regarding our 
understanding of climate change, the effect of regulations on climate, the popular 
notion of extreme climate events, and the unfortunate direction research in this 
area has taken. My research area might be best described as building datasets from 
scratch to advance our understanding of what the climate is doing and why — an ac- 
tivity I began as a teenager over 50 years ago. I have used traditional surface obser- 
vations as well as measurements from balloons and satellites to document the cli- 
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mate story. Many of our UAH datasets are used to test hypotheses of climate varia- 
bility and change. 

How well do we understand elimate change? 

A critical issue in our era is to determine whether emissions from human activi- 
ties impact the climate and by how much. This is made especially difficult because 
we know the climate system already is subject to changes without the influence of 
humans. Because there is no measuring device that explicitly determines the cause 
of the climate changes we can measure, such as temperature, our science must take 
a different approach to seek understanding as to what causes the changes, i.e., how 
much is natural and how much is human induced. The basic approach today utilizes 
climate models. (The projections of these models are being utilized for carbon poli- 
cies as well.) 

It is important to understand that output from these models, (i.e., projections of 
the future climate and the specific link that increasing CO 2 might have on the cli- 
mate) are properly defined as scientific hypotheses or claims — model output cannot 
be considered as providing proof of the links between climate variations and green- 
house gases. These models are complex computer programs which attempt to de- 
scribe through mathematical equations as many factors that affect the climate as 
is possible and thus estimate how the climate might change in the future. The 
model, it is hoped, will provide accurate responses of the climate variables, like tem- 
perature, when extra greenhouse gases are included in the model. However, the 
equations for nearly all of the important climate processes are not exact, rep- 
resenting the best approximations modelers can devise and that computers can han- 
dle at this point. 

A fundamental aspect of the scientific method is that if we say we understand 
a system (such as the climate system) then we should be able to predict its behavior. 
If we are unable to make accurate predictions, then at least some of the factors in 
the system are not well defined or perhaps even missing. [Note, however, that mere- 
ly replicating the behavior of the system (i.e., reproducing “what” the climate does) 
does not guarantee that the fundamental physics are well-known. In other words, 
it is possible to obtain the right answer for the wrong reasons, i.e., getting the 
“what” of climate right but missing the “why”.] 

Do we understand how greenhouse gases affect the climate, i.e., the link between 
emissions and climate effects? A very basic metric for climate studies is the tem- 
perature of the bulk atmospheric layer known as the troposphere, roughly from the 
surface to 50,000 ft altitude. This is the layer that, according to models, should 
warm significantly as CO 2 increases — even faster than the surface. Unlike the sur- 
face temperature, this bulk temperature informs us regarding the crux of the global 
warming question — how much heat is accumulating in the global atmosphere? And, 
this C02-caused warming should be easily detectible by now, according to models. 
This provides a good test of how well we understand the climate system because 
since 1979 we have had two independent means of monitoring this layer — satellites 
from above and balloons with thermometers released from the surface. 

I was able to access 102 CMIP-5 rcp4.5 (representative concentration pathways) 
climate model simulations of the atmospheric temperatures for the tropospheric 
layer and generate bulk temperatures from the models for an apples-to-apples com- 
parison with the observations from satellites and balloons. These models were devel- 
oped in institutions throughout the world and used in the IPCC AR5 Scientific As- 
sessment (2013). 



25 



Above: Global average mid-tropospheric temperature variations (5-year averages) for 32 mod- 
els (lines) representing 102 individual simulations. Circles (balloons) and squares (satellites) de- 
pict the observations. 


The information in this figure provides clear evidence that the models have a 
strong tendency to over- warm the atmosphere relative to actual observations. On 
average the models warm the global atmosphere at a rate three times that of the 
real world. This is not a short-term, specially-selected episode, but represents the 
past 37 years, over a third of a century. This is also the period with the highest 
concentration of greenhouse gases and thus the period in which the response should 
be of largest magnitude. 

Using the scientific method we would conclude that the models do not accurately 
represent at least some of the important processes that impact the climate because 
they were unable to “predict” what has already occurred. In other words, these mod- 
els failed at the simple test of telling us “what” has already happened, and thus 
would not be in a position to give us a confident answer to “what” may happen in 
the future and “why.” As such, they would be of highly questionable value in deter- 
mining policy that should depend on a very confident understanding of how the cli- 
mate system works. 

There is a related climate metric that also utilizes atmospheric temperature which 
in models has an even larger response than that of the global average shown above. 
This metric, then, provides a stronger test for understanding how well models per- 
form regarding greenhouse gases specifically. In the models, the tropical atmosphere 
warms significantly in response to the added greenhouse gases — more so than that 
of the global average atmospheric temperature. 
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Tropical Mid-Tropospheric Temperature Variations 
Models vs. Observations 
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Above: Tropical average mid-tropospheric temperature variations (5-year averages) for 32 
models (lines) representing 102 individual simulations. Circles (balloons) and squares (satellites) 
depict the observations. 

In the tropical comparison here, the disparity between models and observations 
is even greater, with models on average warming this atmospheric region by a factor 
of four times greater than in reality. Such a result re-enforces the implication above 
that the models have much improvement to undergo before we may have confidence 
they will provide information about what the climate may do in the future or even 
why the climate varies as it does. For the issue at hand, estimates of how the global 
temperature might be affected by emission reductions from regulations would be ex- 
aggerated and not reliable. 

Impact of Regulations Will Not Be Attributable or Detectable 

The impact on global temperature for current and proposed reductions in green- 
house gases will be tiny. To demonstrate this, let us assume, for example, that the 
total emissions from the United States were reduced to zero, as of last May 13th, 
2015 (the date of the last congressional hearing on which I testified). In other words 
as of that day and going forward, there would be no industry, no cars, no utilities, 
no people — i.e., the United States would cease to exist as of that day. Regulations, 
of course will only hope to reduce emissions a small amount, but to make the point 
of how minuscule the regulatory impact will be, we shall simply go way beyond re- 
ality and cause the United States to vanish. With this we shall attempt to answer 
the question of climate change impact due to emissions reductions. 

Using the U.N. IPCC impact tool known as Model for the Assessment of Green- 
house-gas Induced Climate Change or MAGICC, graduate student Rob Junod and 
I reduced the projected growth in total global emissions by U.S. emission contribu- 
tion starting on this date and continuing on. We also used the value of the equi- 
librium climate sensitivity as determined from empirical techniques of 1.8 °C. After 
50 years, the impact as determined by these model calculations would be only 0.05 
to (3.08 °C — an amount less than that which the global temperature fluctuates from 
month to month. [These calculations used emission scenarios AIB-AIM and AIF- 
MI with U.S. emissions comprising 14 percent to 17 percent of the 2015 global emis- 
sions. There is evidence that the climate sensitivity is less than 1.8 °C, which would 
further lower these projections.] 

Because changes in the emissions of our entire country would have such a tiny 
calculated impact on global climate, it is obvious that fractional reductions in emis- 
sions through regulation would produce imperceptible results. In other words, there 
would be no evidence in the future to demonstrate that a particular climate impact 
was induced by the proposed and enacted regulations. Thus, the regulations will 
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have no meaningful or useful consequence on the physical climate system — even if 
one believes climate models are useful tools for prediction. 

Alleged impacts of human-induced climate changes regarding extreme 
events 

Much of the alarm related to increasing greenhouse gas concentrations shifted in 
the past decade from global temperature changes to changes in extreme events, i.e., 
those events which typically have a negative impact on the economy. These events 
may be heat waves, floods, hurricanes, etc. 

In terms of heat waves, below is the number of 100 °F days observed in the U.S. 
from a controlled set of weather stations. It is not only clear that hot days have not 
increased, but it is interesting that in the most recent years there has been a rel- 
ative dearth of them. 


Average Number of Daily High Temperatures at 982 USHCN 
Stations exceeding 1(}0°F per year 1895-2014 
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Above: Average number of days per-station in each year reaching or exceeding 100°F in 982 
stations of the USHCN database (NOAA/NCEI, prepared by JRChristy). 

Forest and wild fires are documented for the US. The evidence below indicates 
there has not been any change in frequency of wildfires. Acreage (not shown) shows 
little change as well. 
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Above: Number of U.S. wildfires. As the management of these events changes, and thus the 
number also changes, but the number of events since 1985 has remained constant. (National 
Interagency Fire Center https://www.nifc.gov/fireInfo/nfn.htm) 
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Above: Number of U.S. forest fires per year since 1965. 

The two figures above demonstrate that fire events have not increased in fre- 
quency in the United States during the past several decades. 

The claims that droughts and floods are increasing may be examined by the obser- 
vational record as well. 





Above: Areal fraction of conterminous U.S. under very wet (blue) or very dry (red) conditions. 
NOAA/NCEI. 

The two figures above demonstrate that moisture conditions have not shown a 
tendency to have decreased (more drought) or increased (more large-scale wetness). 
Such information is rarely consulted when it is more convenient simply to make un- 
substantiated claims that moisture extremes, i.e., droughts and floods (which have 
always occurred), are somehow becoming even more extreme. Over shorter periods 
and in certain locations, there is evidence that the heaviest precipitation events are 
tending to be greater. This is not a universal phenomenon and it has not been estab- 
lished that such changes may be due to changes in greenhouse gas concentrations 
as demonstrated earlier because the model projections are unable to reproduce the 
simplest of metrics. 
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Figure 1. World Grain Production, 1961-2012 
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Above: World grain production 1961-2012. U.N. Food and Agriculture Organization. 

It is a simple matter to find documentation of the ever-rising production of grains. 
One wonders about the Federal Council on Environmental Quality’s allegation that 
there has been “harm to agriculture” from human-induced climate change because 
when viewing the total growth in production, which appears to be accelerating, one 
would assume no “harm” has been done during a period of rising greenhouse gases. 

With the evidence in these examples above, it is obviously difficult to establish 
the claims about worsening conditions due to human-caused climate change, or more 
generally that any change could be directly linked to increasing CO 2 . This point also 
relates to the issue of climate model capability noted earlier. It is clear that climate 
models fall short on some very basic issues of climate variability, being unable to 
reproduce “what” has happened regarding global temperature, and therefore not 
knowing “why” any of it happened. It is therefore premature to claim that one 
knows the causes for changes in various exotic measures of weather, such as rainfall 
intensity over short periods, which are not even explicitly generated in climate 
model output. 

The Disappointing Scientific Process 

I have written much for previous congressional hearings and other venues about 
the failure of the scientific community to objectively approach the study of climate 
and climate change. (See Appendix) Climate science is a murky science with large 
uncertainties on many critical components such as cloud distributions and surface 
heat exchanges. As mentioned above, there is no objective instrumentation that can 
tell us “why” changes occur. That being the case, we are left with hypotheses 
(claims) to put forward and then to test. The information given above, in my view, 
is clear evidence that the current theoretical understanding of “why” the climate 
changes, as embodied in models (and on which current policy is based), fails such 
tests. Indeed, the theoretical (model) view as expressed in the IPCC AR5 in every 
case overestimated the bulk tropical atmospheric temperature response of extra 
greenhouse gases (see above and IPCC Supplementary Material Figure lO.SM.l) in- 
dicating the theoretical understanding of the climate response is too sensitive to 
greenhouse gases. 

One problem with our science relates to the funding process for climate studies, 
the vast majority of which is provided through Federal agencies. Funding decisions 
are decided by people, and people have biases. Our science has also seen the move 
toward “consensus” science where “agreement” between people and groups is ele- 
vated above determined, objective investigation. The sad progression of events here 
has even led to congressional investigations designed to silence (with some success) 
those whose voices, including my own, have challenged the politically-correct views 
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on climate ii.e., congressional investigation by Rep. Grijalva, 22 Feb 2015, http:! / 
www.scribd.com / doc / 25681 1 029 / Letter-to-UAH-re-John-Christy . ) 

Today, funding decisions are made by review panels. In this process, many pro- 
posals for funding are submitted to the agencies, but the agencies only have a frac- 
tion of the funds available to support the proposals, so only a few proposals can be 
funded and these are selected by panels. In the area of climate, it is clear the agen- 
cies are convinced of the consensus view of dangerous climate change as indicated 
by their various statements and press releases on the issue. Therefore, when a 
contrarian proposal is submitted that seeks to discover other possible explanations 
besides greenhouse gases for the small changes we now see, or one that seeks to 
rigorously and objectively investigate climate model output, there is virtually no 
chance for funding. This occurs because the panel determines by majority vote 
whom to fund, and with tight competition, any bias by just a couple of panel mem- 
bers against a contrarian proposal is sufficient for rejection. Of course, the agencies 
will claim all is done in complete objectivity, but that would be precisely the ex- 
pected response of someone already within the “consensus” and whose agency has 
stated its position on climate change. This brings me to “consensus science.” 

The term “consensus science” will often be appealed to regarding arguments about 
climate change to bolster an assertion. This is a form of “argument from authority.” 
Consensus, however, is a political notion, not a scientific notion. As I testified to the 
Inter-Academy Council in June 2010, wrote in Nature that same year (Christy 
2010), and documented in my written testimony for several congressional hearings 
{e.g.. House Space, Science and Technology, 31 Mar 2011) the IPCC and other simi- 
lar Assessments do not represent for me a consensus of much more than the con- 
sensus of those selected to agree with a particular consensus. 

The content of these climate reports is actually under the control of a relatively 
small number of individuals — I often refer to them as the “climate establishment” — 
who through the years, in my opinion, came to act as gatekeepers of scientific opin- 
ion and information, rather than brokers. The voices of those of us who object to 
various statements and emphases in these assessments are by-in-large dismissed 
rather than accommodated. This establishment includes the same individuals who 
become the “experts” called on to promote IPCC claims in government reports such 
as the endangerment finding by the Environmental Protection Agency. 

As outlined in my previous testimonies, these “experts” become the authors and 
evaluators of their own research relative to research which challenges their work. 
This becomes an obvious conflict of interest. But with the luxury of having the “last 
word” as “expert” authors of the reports, alternative views vanish. This is not a 
process that provides the best information to the peoples’ representatives. The U.S. 
Congress must have the full range of views on issues such as climate change which 
are (a) characterized by considerable ambiguity (see model results) (b) used to pro- 
mote regulatory actions which will be economically detrimental to the American peo- 
ple and, most ironically, (c) will have no impact on whatever the climate will do. 

I’ve often stated that climate science is a “murky” science. We do not have labora- 
tory methods of testing our hypotheses as many other sciences do. As a result what 
passes for science includes, opinion, arguments-from-authority, dramatic press re- 
leases, and fuzzy notions of consensus generated by preselected groups. This is not 
science. 

We know from Climategate e-mails and many other sources that the IPCC has 
had problems with those who take different positions on climate change than what 
the IPCC promotes. There is another way to deal with this however. Since the IPCC 
activity and climate research in general is funded by U.S. taxpayers, then I propose 
that five to ten percent of the funds be allocated to a group of well-credentialed sci- 
entists to produce an assessment that expresses legitimate, alternative hypotheses 
that have been (in their view) marginalized, misrepresented or ignored in previous 
IPCC reports (and thus the EPA Endangerment Finding and National Climate As- 
sessments). 

Such activities are often called “Red Team” reports and are widely used in govern- 
ment and industry. Decisions regarding funding for “Red Teams” should not be 
placed in the hands of the current “establishment” but in panels populated by 
credentialed scientists who have experience in examining these issues. Some efforts 
along this line have arisen from the private sector {i.e., The Non-governmental Inter- 
national Panel on Climate Change at http:! ! nipccreport.org ! and Michaels (2012) 
ADDENDUM :Global Climate Change Impacts in the United States). I believe policy- 
makers, with the public’s purse, should actively support the assembling all of the 
information that is vital to addressing this murky and wicked science, since the 
public will ultimately pay the cost of any legislation alleged to deal with climate. 

Topics to be addressed in this “Red Team” assessment, for example, would include 
(a) evidence for a low climate sensitivity to increasing greenhouse gases, (h) the role 
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and importance of natural, unforced variability, (c) a rigorous and independent eval- 
uation of climate model output, (d) a thorough discussion of uncertainty, (e) a focus 
on metrics that most directly relate to the rate of accumulation of heat in the cli- 
mate system, (f) analysis of the many consequences, including benefits, that result 
from CO 2 increases, and (g) the importance that affordable and accessible energy 
has to human health and welfare. 

What this proposal seeks is to provide to the Congress and other policymakers a 
parallel, scientifically-based assessment regarding the state of climate science which 
addresses issues which here-to-for have been un-or under-represented by previous 
tax-payer funded, government-directed climate reports. In other words, our policy- 
makers need to see the entire range of findings regarding climate change. 

Summary 

The messages of the four points outlined above are: (1) the theoretical under- 
standing of the way greenhouse gases affect climate, as embodied on climate models, 
fails simple evaluation tests, (2) even if one accepts climate model output, the im- 
pact of reducing emissions by any of the regulations now enforce or proposed will 
be negligible, (3) the claims about increases in frequency and intensity of extreme 
events are generally not supported by actual observations and, (4) official informa- 
tion about climate science is largely controlled by agencies through (a) funding 
choices for research and (b) by the carefully-selected (i.e., biased) authorship of re- 
ports such as the EPA Endangerment Finding and the National Climate Assess- 
ment. 


lAC 15 June 2010 Montreal 

John R. Christy, Distinguished Professor of Atmospheric Science Director, 
Earth System Science Center, Alabama State Climatologist, University of 
Alabama in Huntsville 

IPCC Lead Author: 2001 TAR, Contributor: 1992 Supplement 
Contributor: 1994 Radiative Forcing of Climate Change 
Key Contributor: 1995 SAR 
Contributing Author: 2007 AR4, WG I and II 

NASA Medal for Exceptional Scientific Achievement, American 
Meteorological Society Special Award for satellite observations 

Fellow, American Meteorological Society 

Mr. Chairman and members of the LAC panel, thank you for inviting me to offer 
my views on the IPCC process. Five years ago the New York Times quoted me say- 
ing that an IPCC-like process, “. . . is the worst way to generate scientific informa- 
tion, except for all the others.” (23 Aug 2005) I now think I was a bit too generous. 

A fundamental problem with the entire issue here is that climate science is not 
a classic, experimental science. As an emerging science of a complex, chaotic climate 
system, it is plagued by uncertainty and ambiguity in both observations and theory. 
Lacking classic, laboratory results, it easily becomes hostage to opinion, groupthink, 
arguments-from-authority, overstatement of confidence, and even Hollywood movies. 
When climate scientists are placed in the limelight because this issue can generate 
compelling disaster scenarios, we simply don’t want to say, “We just don’t know.” 

I have been a contributor to the IPCC Assessments since 1992 and a Lead Author 
in the Third Assessment of 2001. Though I had some good things to say about the 
IPCC, I did respond in 2001 to the U.S. National Academy of Sciences when they 
solicited information about certain problems (see Appendix A). 

At the time, I was more concerned about the product rather than the process. The 
first objection I raised regarding the Third Assessment was that the fabled Hockey 
Stick was oversold as an indicator of past climate change. This was well before the 
critical work of the Wegman Report, National Academy of Sciences, McIntyre’s pa- 
pers and the East Anglia e-mails. Indeed, I urge you in the strongest terms to engage 
Stephen McIntyre in your deliberations at a high level as he has accurately docu- 
mented speeifie failures in the IPCC proeess, some of whieh I ean attest to, as I was 
there. 
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My second objection to the TAR was its overstatement of confidence in model pro- 
jections. 

My role in the Fourth Assessment of 2007 was limited to that of a Contributing 
Author. This means I submitted recommendations that were dealt with by the Lead 
Authors who tended to disagree with my published findings. Thus, their views car- 
ried the day in the report. In this process, the final result really boils down the opin- 
ions of those selected as Lead Authors, a point I will address below. 

In March of last year, 8 months before the e-mail fiasco, about 140 former IPCC 
Lead Authors gathered in Hawaii for a preview of what the Fifth Assessment might 
tackle. I was the only one there well-known to be essentially outside the IPCC “con- 
sensus.” I had come to the conclusion that the IPCC establishment demonstrated 
a disturbing homogeneity-of-thought regarding the hypothesized but unproven role 
that greenhouse gases might impose on the climate system. My short talk (Appendix 
B) and poster (Appendix C) at that meeting last year dealt with three science issues 
and offered a recommendation. The three issues were (1) the surface temperature 
record is flawed in many ways, but is flawed in particular as a metric to detect 
greenhouse-imposed warming, (2) direct tests of the so-called fingerprint of climate 
model temperature changes versus observations indicated significant differences, 
failing simple hypothesis tests, and (3) the critical value of climate sensitivity to 
greenhouse gases was overstated because it had not been properly calculated. All 
of these were supported by peer-reviewed publications which even now continue to 
appear. 

In my view, the IPCC process had drifted away from allowing authors to serve 
as Brokers of climate science, in which various views are given attention, to becom- 
ing Gatekeepers of climate science in which one view is elevated and promoted. The 
IPCC Assessment had become a “consensus of those who agreed with the con- 
sensus.” Since “consensus” is a political notion, not a scientific notion, a goal of “con- 
sensus” in any forum is at its heart a political goal. 

My recommendation last year was to include a chapter written by credentialed 
climate scientists who would provide evidence concerning these heretofore mini- 
mized issues, in particular the low sensitivity of the climate system. My assumption 
at that time was that the IPCC writing process would be the same, i.e., that the 
Lead Authors of this chapter, as the others, would be given the sacred right of being 
their own final reviewers to let a new voice be heard. No one at the meeting thought 
this was a useful suggestion, I believe, because it would allow the expression of rea- 
sonable alternatives to claims too entrenched in the message of looming climate dis- 
asters promoted with IPCC indulgence. 

Since last March, much has happened to expose some of the scientists who domi- 
nated the IPCC, whom I call the establishment, as less than transparent, subject 
to bias, and who suppress alternative views while using the IPCC’s perception as 
a near-sacred document to promote their own opinions. This establishment domi- 
nates not only the IPCC but also the review process of the peer-reviewed literature, 
making it extremely difficult for alternative evidence to even be published now. This 
happens when your type of science is rather murky to begin with. 

In my view, the three fundamental flaws in the current IPCC process are (1) the 
two-step political filter by which Lead Authors are selected, (2) the review-authority 
granted the Lead Authors who write the chapters and synthesis reports, and, (3) 
the very limited word-count available for each topic, which encourages short and 
overconfident statements about questions that in truth are plainly nasty to deal 
with. 

In February of this year. Nature magazine asked me for a brief discussion about 
the IPCC and a way forward (Appendix D, last page). My main concern there was 
to define a process that would let the world know that our ignorance of much of 
the climate system is simply enormous and we have much to do. Mother Nature has 
a tremendous number of degrees of freedom up her sleeves, many of which we don’t 
even know about or account for. 

So, I suggested a living, carefully-managed, wikipedia-style process. Important 
questions, most of which are already laid out in the IPCC manifest, would be ad- 
dressed by teams of Lead Authors who would be far less constrained by the word- 
count rules, and so would allow fuller expression of uncertainty and disagreement — 
expressions contributed by the specific people who perform whatever research is 
being discussed. The Lead Authors main task would be to organize and summarize 
the information on each question, acting strictly as Brokers, not Gatekeepers. With 
web-based links to actual text (and data) the Lead Authors would be far less tempt- 
ed to be biased. Lead Authors need to know they do not have to agree with the find- 
ings they report. I believe such transparency would spur the Lead Authors to be 
fairer and more humble in their summary comments. 
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Peer-reviewed research of course would dominate the source material, hut other 
documents — whose source is clearly identified — could contribute to the discussion. I 
know there would he significant issues of managing such a process, but I believe 
it would be far better than producing big books every six years that are limited, bi- 
ased and out-of-date when they are printed. We are in the 21st Century, and, to 
the despair of those who find comfort in absolute answers, there are only continu- 
ously evolving levels of understanding (and ignorance) to most of the climate ques- 
tions being asked. This situation begs for a dynamic assessment process. 

The selection of Lead Authors through a two-step political process is a problem 
too. Presently, national governments nominate to the IPCC those who over the 
years, they can generally count on to be consistent with national policy. From this 
pool, the IPCC itself selects those it wants to be Lead Authors. To combat the polit- 
ical influence of governments and the U.N., to a small extent, I would recommend 
that Lead Authors be nominated by appropriate learned societies, such as yours, 
and selected for overlapping, rotating terms. I’m not completely comfortable with 
this as I’m aware that councils of science are deeply involved in political maneu- 
vering which is why I state that to a “small extent” the political influence of govern- 
ments and the U.N. might be mitigated. 

Some Lead Authors could and should be scholars from other disciplines but who 
have a keen awareness of the hard rules of hypothesis testing, admissible evidence, 
and the power of language. . .physicists, chemists, engineers and yes, even lawyers. 
As I told a colleague the other day, it is clear to me now that climate science needs 
some adult supervision. 

I realize such a recommendation creates consternation among those who have con- 
trolled the process up to now and who believe deeply that the “science is settled” 
because they find comfort in easy and unimaginative answers to difficult questions. 
For example, why doesn’t the IPCC report on (and funding agencies invest in) major 
research about the internal dynamical properties of the climate system? At present 
these properties are incapably represented in climate models to date, and yet have 
been shown to be a major source of the variability we’ve seen. Why must we be so 
unimaginative that we just give up and claim that nothing else but enhanced green- 
house forcing explains most of the temperature rise in the past 50 years? 

Others will complain that such an open process I describe will not generate the 
definitive statements necessary to drive policy. To those I say, “Welcome to climate 
science.” If a specific policy is desired, climate science is a weak leg on which to 
stand which means a policy should have multiple, defensible reasons for adoption. 

You will hear from those within the IPCC establishment that the IPCC does a 
terrific job of getting down to the truth about climate science and that the consensus 
reports are the best documents for policymakers. But as one mostly outside the 
“consensus”, I can not agree, and I am far, far from being alone in that disagree- 
ment. I say this as a working-stiff climate scientist who builds datasets from scratch 
to create understanding and test assertions about the climate system. The process 
followed in the Fourth Assessment, in my view, simply did not provide to the world 
the true ambiguities, uncertainties and contentions of our fledgling science. 

In summary, to me, the impediments to providing a more honest expression of our 
science to the world in the current IPCC process are (1) Lead Authors essentially 
having final review authority, (2) the Lead Author selection process which encour- 
ages government-approved, homogeneity-of-thought, and (3) the limited size, the 
dead-line character, and the past-expiration-date of printed documents. Thank you. 



35 


V»)463|ll February 2010 


OPINION 


IPCC: cherish it, tweak it or scrap it? 

As calls for reform intensify following recent furores about e-mails, conflicts of interest, glaciers and 
extreme weather, five climatologists propose ways forward for the Intergovernmental Panel on Climate 
Change. Their suggestions range from reaffirming the panel's governing principles to increasing the number 
and speed of its publications to replacing the volunteer organization with a permanently staffed structure. 



An lACC lh« pniwl wHI puMMi ill Rtlfi AiMMmtnl fitpwl (ARS), In 2014. 


Split into 
three panels 

Mike Hulme 

Coordinating lead author, lead author, 
review editor (AR3), University of 
East Anglia, Norwich, UK 

Mud) hJid)An^il sin<« the 111* IVItOs when 
Ihe Inlergowrnmenla) Pinel on (Climate 
<Ihanye (IP<X) was doigned. nouhly i|k 
nature of Micniific practice and iis rvlaiion- 
shi]i with lockly. How the worlds knowledge 
communities arc mobilised lo enlighten 
|>o)k y deliheralions also needs to be different. 
The •Mscssmenis puMhhed by the IPC<^ have 
firmly dcvaicd anthropogenic dimaicchangc 
to one of the major iniernalionai poliikal 
issues of our lime. But they have made this 
impact by drawing in an ever-widening sub- 
set of the social, technological, environmental 
and ethical dimensions of dimale change 
we'll beyond the physical sc knees. 

Ihc ilHX^ is no longer fit for purpose. It is 
not feasible for one panel under sole owner- 
ship — that of Ihc world s governments, but 
«i|'er4iing under the dekgaied nianagemeni of 
the Unil^ Nations linvironmcni l*rogran)mc 
(UNTP) and Ihc World Meteorological 
Organization (WMO) — lodchvc'r an exhaus- 
tive 'inicgratc'd' assessment of all relevanl 
climate-change knowk'dge. As 
I rentarkcsl three years ago in 
these pages, ‘'Hie IP(X' necMs 
a complete overhaul. The 
sirucluKand priKcn are past 
their scO-hy dales.* 

My suggestion for radical 
Kft)rm is to dissolve tJ>e I IKX' 
after the riflh Assessment Report (ARS) in 
20M.TlK)vorkw<uildbc<plit inlothrecl>'pcsof 
assessnenl and«vatualion,each rather diliescnl 
lo the three exniing IP(X' woricinggr'uiin. 

rhe first would be a ( liobal Science Panel 
«>SP}. An I PCXMike assessment process should 
continue to operate for the ph>'ttcal seknees that 
observe and prcdkl the Tarth system. Rather 
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than comi'rehcnshv rqvins every six years, this 
pand wouhl commission, on a n>lling basis, a 
larger number of smaller, sharfif y focused syn- 
theses of knowledge on fasImtAii^ topics that 
have great Kienlific' or policy salience. (Vrhaps 
two or Uirce would be in pm^clion at any one 
lime and each would be no more than SO pages 
in length. These wiHiid need lo be globally coor- 
ilutal^ and could he governed eilim ihrougl) an 
imergovemmcnlal |>nHe« as now, or devxdved 
lo a gocvming council of repre- 
senlalicv national academies of 
seknee. 

The second group would be 
made up of Regional I'.valii- 
alion Panels (KHPs). The 
cultural, social, economic and 
devdipmcni dimensiimsofcli- 
male change areesscnlully regional in nature. 
Bach region — five lo ten continental or sub- 
continental regions in all — should conduct 
its own evaluation of relevant knowledge. 
Ihb should use the work of the (iSP.bui also 
draw in a much more diverse set of exper- 
tise. knowledge and scholarship. As wdl as 
being strucliired according lo the concerns of 
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ead) r^ion. Ihc owncrslup and governance 
pallcrns of these RBPswould vary regionally, 
but should ideally involve a consortium of 
nalk'nal govcmmenli, civil-H'ckly organiza- 
tions and businesses. 

TIk third group would he the Pidky Analy- 
sis Panel (PAP) — astanilingpunci <'fexpertbc, 
global in reach, with inlerdisc ipitnary diillsand 
a dievrse analytical capacity. Perhaps SO-IOt) 
St rung, ihk pond would undertake focused and 
ra|ui1 (6- 1 2 mtmths) analyses of specific pro- 
posed iHdky opiionsand mrasures that havcgk>- 
bai signilkancc. 'Htcie couM be subjects such as 
cnvin'niiicnlalcllaliwncmofconlruULngMaik 
carbon, cwmomic impUcation* of carbon bor- 
der tariffs or ikw financing options for reduc- 
ing emissions from deforestation. The policy 
oi^ions to be analysed can be brought forward 
by UN Kxlks, non gmvmmenlal organualions 
(NCtOs). busirKsses and groupings of national 
governments. 'Ihc PAP could he governed by 
a conned of women and men of international 
stature and strong cultural significance to lep- 
rcscnl the breadll) of civil sodely around the 
world. Such high «)iuliiy and tran^vuvni policy 
cvalualion would broaden the cations avadabk 


“A new class of short, 
rapidly prepared, 
peer-reviewed 
reports isneeded." 
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for iMtioruJ and Inlcnulional ddihcriMioru. 

This rrsirucluring would allow clearer 
distini.lions tn be made in areas lhal haw 
been iroubloome for ibc IPCt^ atscssmenis 
of published knowledge versus policy analy- 
sis and evaluation; the globali/eil physical 
sciences versus more geographically and 
culturally nuanced knowl^ge; a one-siw. 
top-down tnodel of ownersliip and govern- 
ance versus more inclusive, representative 
and regionally varying forms of governance. 
It would better serve the world, and its pe«s- 
plcs, in understanding and rcspi>nding to 
anthropogenic climalc change. 

Independent 
agency needed 

Eduarcio Zorlta 

Contributing author (AR4X GKS$ 
Research Center in Geesthacht. 
Germany 

l.ikc the fiiiandal sector last year, the IPCC is 
currently experiencing a failure of trust dial 
reveals daws in its structure. '1111$ presents 
the climate-change community with the 
opportunity to address these faults. The 
IP('(^ currently performs as a diffuse com- 
munily of governmcnl-nomiiuted academic 
volunteers occiqiytr^a Hurred space between 
science and psdllks. issuing self-reviewed 
reports under great stresses and unmanage- 
aNcdcadUnes. Its undefined slruciuiv puts it 
at the mercy of pressure fn>m advocates. 

The 1P<X< should be made stronger and 
independenL Vvte do not need to reinvent the 
wheel; there arc cxcellciil cxani|4es of agencies 
that society has set up when credibility is of 
llw utmost imporlaiiLC. The liirofiean (A-nlnl 
Rank, the Inic'rnalb'iial Atomic I'inesgy Agate)' 
(lAEAX the international Energy Agency and 
the US (AingressiiHtal Budget Oftlce all inde- 
pendently navigate tiKir way throu^dt strong 
|Hi)ilkal pressufcsi. (kliwringvaluui^ assess' 
mcnis. advke. reports and forecasts, tof^ing 
academic research when necessary. 'I'hese 
agencies are accotuitjHc and respected. 

An international climate agcticy (K'A > aliHig 
siKh lines would haw a statT of around 200 full- 
time sckniists who would be indc]'cndcnt of 
gowrnmenl, industry and academia. Such an 
agency should he resourced and empowered 
to do the following: issue streamlined biennial 
state-of-lhc-climale reports-, bea rcpi'isilory 
and qua] iiy-<ontroflcr of observailonal ci tinate 
data; advise governments on regional assess- 


ments of climate impacts; and coordinate the 
suite of fuiuK-climaie simulaiionsby research 
liBtitutvs. 

An ICA could be built, for instance, on the 
IAEA lemptule, encompassing many more 
cou nines than the IAEA but with a smaller 
staff. K^A rc*ports sliould be independently 
revk*wed in a transparaii process.draw only 
on established. ]scer-revicwvd literature, and 
higlilighi research gaps. External reviews 
wiHild then be incori'Hiraied into the rc|V)ns to 
form while papers to inchtde possible ip|Huing 
views in a transparent way 

llw isrocessof moving towards such an K^A 
cisdd start now. alongside the preparation of the 
next IP(X' asscssnwnl re]H>rl.und culminate 
after itscoinjdciion. 'Ilioseclimate researchers 
in the Bureau whohave widcHy rccignired 
credibility could initiate th» Iransfomialion. 
supported by lead authors and review edi- 
tors more numerous and with a bigger say 
than presently I'hese review editors should 
be elected not by governnKnis but directly by 
scientific unions, for instance llie American 
('•a'physkol Uninn. the Etinipcan (Jcoccicnccs 
Union an<l similar associations from Asia. 

As with finance, climate assessment is loo 
imporiant to be IcA in the hands of advocates. 


HOW THE IPCC WORKS 


Jmk 



FMalditMMen 
and ttM m ntt* 


Wo-K W 


Apply best 
practice rules 

Thomas F. Stocker 
Co-chaif IPCC Working Group I 
(ARS), coordinating lead author 
(AR3, AR4), University ol Bern. 
Switzerland 

The basis of the IPCC is the voluntary 
contributions of thousands of dedicated 
Hieniisis fnon oO ewer the wuriil. *l1ic Pnriripfa 
<iovemiHgtF(X'. B'<irk(lP(X^ iyv(l)pniviilea 
Ucar framework for an open, t raniparcni and 
n>busl pnKess. 'fhis botlom-upenilcavmjr is a 
unique modd of pnividing scknlifU informa- 
tion, mainly from the peer-reviewed scienttllc 
liieTalure, fordecisionmakingon acliaUenging 
problem. It has worked extremely succcsifully 
fortliepastZtyvars. 

Recent controversks have demorutraled both 
ihcv-jkicandlhelimilalkdnofthcscprocediiRS. 
Ilic team structure of the chapter audiors, the 
tmilli|de revkm b)' peers and giAvmmeMs. and 
the full and luiUic documentation of this proc- 
ess largdy ellminalc (lersonal vk-ws or biases 
in the science assessment. But procedures are ^ 
only as strong as their enforcement art all kvds •• 
of IIk assessment process. When I saved as a | 
coordinating lead author of Working Croup 1 * 
in ihr 'l'hird and l^rlh Assessment Reports 
(AR3 and AR-I), I was deeply impress^ by 
the strict adherence to these priiicipksby the 
co-chairs who ensured that these standards 
were applied at all levels. ‘Ilic combinaliun 
of the best scicnltsls and clear procedures 
comlitutc the authority of llic IIXX'. 

trails for reform of the I P(X: have been 
made before, (lianges were discussed after 
the completion of the Fourth Assessment 
Rei>url in 2007. One possibility mooted was 
ihepriHluclIonofmorefreqiKnl assesasncnls. 
more limited in sco(K Fast-track assessments 
in support of the United Nations Framewoik 
< lonvention on Cl imate ( ihange process were 
also considered. I lowcvcr. iIk pand concluded 
that the production ofcontfirehcnstve reiHirts 
roughly every six >vars is prefc*niblc because 
it ensures the robustness required for a ihor- 
t'ugh and rigorous assessment. Faster turnover 
would kopurcli/v the multi-stage review and 
thus compromise authority and compre- 
hensiveness. In asking scientists to produce 
reports and assessments every year, say. we 
could lose their support raiberqiikkly. 

'fbe IPCC has served as an honest broker in 
the past and vriU do so. hopefully, in ihe future. 
Now lhal the problem of climate change ison the 

m 


• 2010 Moemibn NtMwrc linvUU At nttm rasarwU 







37 


OPINION 


NATUflCrNM A63III February 2010 


niJar HRcn nfihc wxirid, there anr many NGOt 
and other groups, even grou|vs of Kknitsts 
and mttilulinns. that provide Jimaic khange 
informaiion in various forms and qualily. 
often laekifiticomprdictHivvncss and proper 
(vcognittoji of urKvriainitcv. 'llicrv is a strong 
pressure to provide ‘)ust-in-tinic‘ siienltiiv 
uisdaies for policy-inkers and staJeehrdders, 
as was the case in dte prciwalions for the 2009 
dimale-changc conference in Copenhagen. 
The IP(X' must not yield to tliis pressure. 

In diH nddofdilTereni andthvvtgmi forces, 
confusion may arise. An honest htuka lhcrelc<re 
is an asset i-rom my pcrrj'ccliw. the IPCC' has 
fulfilled this role with remaricahle rigmir and 
integrity. 11 )b n4c is mw al risk, a.s the tialun are 
higl)c*r than ewr before. The fcc|«itrenKni that 
assessments are )H>licy relcvani bm never polk y 
prescriptive, as forawlaled in the PrwKipta Gov- 
rmirtg/PC.C' hbrit^bofparemounl im|sorl8nce. 
Our I aik is to infiwm the |H4ky- nukere and the 
puMic siricliy in a 'what if mode. Any other 
approach must be lel\ to N<'>Os, iKg«>tialorsor 
individuals. Only with strict adherence to pro- 
cedures and to scienlilk rigour at all stages will 
the ilKX! continue to provide tlw best and most 
robust Information that ts needed so much. 

Produce more 
reports faster 

Jeff Price 

Lead author (AR3. AR4}, director, 
climate-change adaptation, WWF 
United States 

The M’CC is accq>llng nominations (until 
12 March 20101 from governments and 
|sanicipalingorganiaalUins for authors for its 
I'TAh Assessment Report. One rccommrnda- 
lion for the IP('(' that could he iinpkmcntcd 
immediately is in how its ccHirdinaling lead 
authors and review editors are selected. 

Curiciuly. authors are selected to represent 
*a range uf views, expertise, gender and geo- 
grapliical reprcsenlaiion'. Howcver.givcn the 
importance placed on these assessments, the 
most senior positions should be ri]lc*d by liie 
nominees moslex|scrl in thesr field, rc-ganHess 
of babnee. These authors dunild be lire most 
knowtcdgc’ahic nominee about the range of 
topics in Ihclr chapter, best at4c tocoopcntivrly 
work with a team of international scholars. 
PrcfcTaMy, they shimld have previously been 
invvfwd in an IPCG assessment and be famil- 
iar with I PC(^ siandanis and methodologies, 
(■cographic and gender balance should then 
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beusexi inscleclUui of lead authors. Ihck.'vd 
of work required in preparing an assessment 
is large. Increasii^ tlw number of lead authors 
wi Slid provide bellerNance and ghv more rei- 
rntists the ability l(» porlk ipalc in the process 
A new clanufsilori. rai'idly pre|iarvd. (wr- 
reviewed reports is also needed. Al present. 
puMicaiion options include supi^emenial 
material (no peer review required), techni- 
cal papers (based on cxtstii^ assessments) or 
assessnwntsand special rep«>rts that undergo 
two rcvwws (exjwri and g<wernmcnifcx]vrt. 
usually taking more than two yean to com- 
plete). l-or topics of enrerging imisortanccor 
uncertainly, we ncc-d re|i»ru basi^ onexpen 
meet ings and literature symltcxis ih at undergo 
only a single round of extensive peer review 
with review-editor oversight before publica- 
tkHi.Hw IPCX'shiHild also expand the number 
of specialist task forces, task groups and hold 
more expert meetings to provide additional 
sckniiHc review and oversight for the bnsad- 
ening array of models (including model 
c<sin|sarisore; and validation) and mellxKlolo- 
gics used in emissions reporting. estimating 
and monitoring impacts, and in developing 
assessments and adaptation plans. 

finally, the current period between assess- 
ments is loo long. One option would be for 
the IP(X^ or another body, to produce an 
annual review, assessment and syniliesis of 
tlw litc'raiure for poticy-makers (for cxani|de. 
three annual review volumes wiili a syniliesis 
chapter in each volume) prepared by experts 
in the fidd. Although the editors of the vol- 
umes sluiuk) ideally ^ d rawn from past I P(X' 
autlioni and editors, the revkw articles could 
be submitted by any author, as (hey wcKild for 
a journal, with appropriate peer review and 
assessment forpuNkalion. 

Open debate; 
Wikipedia-style 

JolinR. Christy 

Lead author (AR3>. University of 
Alabama in Huntsville. USA 

Since 1992 1 Imw served as an IP(X;cimtrihulie 
and in 200l.asalc*ad author. My experience 
has Id) nKofthe Krmconvkiiontlul the IKX' 
shosikJ be removed from UN ovc'isii^L 
TIm IPtX^sdecis lead authors from the pool 
of ihtwe nominated by individual goex-rnmenis 
Over time, many gosemments nominMcd only 
authors who tMcrc atigneJ with staled poitcy. 
Indeed, the sdcctions for the IPCC fourth 
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Assessment KqHirt represented a disturbing 
homogeneity of thought regarding humans 
and climate. 

Selected lead authors have the Iasi word in 
tlic review cycle and so control the message, 
often Ignoring or niarginall/ing dtsscniing 
comments. x;onscnsus' and manufactured- 
confidcncc ensued. The recent leaking of 
e-mails from the (Timalic Research Unit at 
the University of bast Anglia in Norwich. UK. 
pul on dis]qay the unsavoury cycle of mar- 
ginallring diffevent viewpoints. Now several 
errors ofovcrslaicmcni. such as ihai of the 
melting rale of (he Himalayan glaciers, have 
beenexposc'd 

Unl'ortunalely. presi igbun nredia, inchtdi ng 
Saturf, became cheerleaders for these ofiicial 
reports, foltowed then by governments trying 
tocnact polkiesthal drasikally reduced emb- 
siom to ‘slop globd warming' while increasing 
energyciwis. 

I recsuninendcd last year that the next IPCC 
R|vort invites |suNishcd authors to write about 
■he evidence for low Jimatc semilivity and 
other issues. Ihe IP(X^ then would be a (rue 
rellection of the heterogeneity of scientihe 
views, an 'honest broker', rather iJian an echo 
chamber My recommendation assumed a 
bustness-as- usual IP(X; process. 

I lowcver, votumincKisprinIcd reports, issued 
every six years by government-nominated 
authors, cannot accommodate (he rapid and 
chaotk develo]snwni ofsetentifK information 
today. An idea wc ptehed a kw years ago that 
is msw worth reviving was to cstaNbh a living, 
'\Viki|scdia-IP(X;'.(in>u|H (if four to eight lead 
authors, chosen by learned societies, would 
serve in rotating, lA-erlappingihrcx-yvartcrms 
to manage wclions organi/^ by science and 
pdkyqucsttonsfstmilarto the fourth Assess- 
ment Report). The authors would strike a 
balance between the free-for-all of InKKknce 
and the need for summary statements. 

(Xmlrovvrsies would be reierecd by the kad 
authors, but with input front all sides in the 
text . wM h links l<s original diKiuncnIs and data 
'lire result would be more useful than occa- 
siona] big biHiks and would be a more honest 
rqtrcscnialion of what our Dcdgling science 
can offer. Defining and foUowingrules for this 
idea would be agonizing, but would provide 
greater openness. 

Tltc truth, and this is frustrating for |volicy- 
makers, is that scientists' ignorance of the 
climate system is eni'rmous. There is still 
much messy, contentious, snail-paced and 
now, hopefully, transparent work to do. ■ 

Saeabo PcnpactivM, pag* 747. 

Have yaw say an the Mure «f thn IPCC al 
fa.naturuaoov^riWau. 
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Senator Cruz. Thank you, Dr. Christy. 

At this point in the hearing is when Mr. Aaron Mair, the Presi- 
dent of the Sierra Club, would be afforded his opportunity to 
present the Sierra Club’s views on global warming. Unfortunately, 
as we discussed a minute ago, even though he was invited to 
present the Sierra Club’s views, he chose not to attend, and pre- 
sumably, one reason for that is the last time he presented testi- 
mony on this topic, he was unable to answer even the most basic 
questions on the scientific basis for the political theory he was ad- 
vancing, that we should massively increase the Federal Govern- 
ment regulation of the economy and dramatically drive up the cost 
of living, the electricity bills of millions of hard-working Americans. 

And so we will not be hearing from Mr. Mair now. Instead, we 
will hear from Dr. Curry. 

STATEMENT OF JUDITH A. CURRY, Ph.D., CHAIR OF THE 
SCHOOL OF EARTH AND ATMOSPHERIC SCIENCES, GEORGIA 
INSTITUTE OF TECHNOLOGY 

Dr. Curry. I thank the Chairman and the Ranking Members for 
the opportunity to offer testimony today. 

Prior to 2009, I felt that supporting the IPCC consensus on cli- 
mate change was a responsible thing to do. I bought into the argu- 
ment don’t trust what one scientist says, trust what an inter- 
national team of 1,000 scientists have said after years of careful de- 
liberation. 

That all changed for me in November 2009, following the leaked 
“Climategate” e-mails that illustrated the sausage making and 
even bullying that went into building the consensus. I started 
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speaking out, saying that scientists needed to do better at making 
the data and supporting information publicly available, being more 
transparent about how they reach conclusions, doing a better job 
of assessing uncertainties, and actively engaging with scientists 
having minority perspectives. 

The response of my colleagues to this is summed up by the title 
of a 2010 article in the Scientific American, “Climate Heretic: Ju- 
dith Curry Turns on Her Colleagues.” I came to the growing real- 
ization that I had fallen into the trap of group think. I had accept- 
ed the consensus based on second-order evidence, the assertion that 
a consensus existed. 

I began making an independent assessment of topics in climate 
science that had the most relevance to policy. And what have I con- 
cluded from this assessment? Human-caused climate change is a 
theory in which the basic mechanism is well understood, but whose 
magnitude is highly uncertain. 

No one questions that surface temperatures have increased over- 
all since 1880 or that humans are adding carbon dioxide to the at- 
mosphere, or that carbon dioxide and other greenhouse gases have 
a warming effect on the planet. However, there is considerable un- 
certainty and disagreement about the most consequential issues — 
whether the warming has been dominated by human causes versus 
natural variability, how much the planet will warm in the 21st cen- 
tury, and whether warming is dangerous. 

The central issue in the scientific debate on climate change is the 
extent to which the recent and future warming is caused by hu- 
mans versus natural climate variability. Research effort and fund- 
ing has focused on understanding human causes of climate change. 
However, we have been misled in our quest to understand climate 
change by not paying sufficient attention to natural causes of cli- 
mate variability, in particular from the Sun and from the long-term 
oscillations in ocean circulations. 

Why do scientists disagree about climate change? The historical 
data is sparse and inadequate. There is disagreement about the 
value of different classes of evidence, notably the value of global cli- 
mate models. There is disagreement about the appropriate logical 
framework for linking and assessing the evidence, and scientists 
disagree over assessments of areas of ambiguity and ignorance. 

How then and why have climate scientists come to a consensus 
about a very complex scientific problem that the scientists them- 
selves acknowledge has substantial and fundamental uncertainties? 
Climate scientists have become entangled in an acrimonious polit- 
ical debate that has polarized the scientific community. 

As a result of my analyses that challenge IPCC conclusions, I 
have been called a denier by other climate scientists and most re- 
cently by Senator Sheldon Whitehouse. My motives have been 
questioned by Representative Grijalva in a recent letter sent to the 
president of Georgia Tech. 

There is enormous pressure for climate scientists to conform to 
the so-called consensus. This pressure comes not only from politi- 
cians, but from Federal funding agencies, universities, and profes- 
sional societies, and scientists themselves who are green activists. 
Reinforcing this consensus are strong monetary, reputational, and 
authority interests. 
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In this politicized environment, advocating for carbon dioxide 
emissions reductions is becoming the default expected position for 
climate scientists. This advocacy extends to the professional society 
that publish journals and organize conferences. 

Policy advocacy, when combined with understating the uncer- 
tainties, risks destroying science’s reputation for honesty and objec- 
tivity without which scientists become regarded as merely another 
lobbyist group. 

I would like to thank the Committee for raising the issue of data 
versus dogma in support of improving the integrity of climate 
science. This concludes my testimony. 

[The prepared statement of Dr. Curry follows:] 

Prepared Statement of Judith A. Curry, Professor and former Chair, School 
OF Earth and Atmospheric Sciences, Georgia Institute of Technology 

I thank the Chairman and the Committee for the opportunity to offer testimony 
today on ‘Data or Dogma? Promoting Open Inquiry in the Dehate on Climate 
Change.’ I am Professor and former Chair of the School of Earth and Atmospheric 
Sciences at the Georgia Institute of Technology. As a climate scientist, I have de- 
voted 30 years to conducting research on a variety of topics including climate dy- 
namics of the Arctic, climate dynamics of extreme weather events, and reasoning 
about climate uncertainty. As president of Climate Eorecast Applications Network 
LLC, I have been working with decision makers on climate impact assessments, as- 
sessing and developing climate adaptation strategies, and developing subseasonal 
climate forecasting strategies to support adaptive management and tactical adapta- 
tion. 

Over the past decade, I have become increasingly concerned about the integrity 
of climate research, which is being compromised by the politicization of the science. 
My research on understanding the dynamics of uncertainty at the climate science- 
policy interface has led me to conclude these dynamics are not operating in a man- 
ner that is healthy for either the science or the policy process. 

My testimony focuses on the following issues of central relevance to the state of 
climate science: 

• Consensus, uncertainty and disagreement 

• Unsettled climate science: the importance of natural climate variability 

• Scenarios for the 21st century climate 

• The broken contract between climate science and society 
Consensus, uncertainty and disagreement 

Under the auspices of the Intergovernmental Panel on Climate Change (IPCC), 
the international climate community has worked for more than 20 years to establish 
a scientific consensus on human-caused climate change. The IPCC consensus about 
dangerous anthropogenic climate change is portrayed as nearly total among sci- 
entists with prominence in the field of climate science, and the IPCC consensus has 
been endorsed by the relevant national and international science academies and sci- 
entific societies. 

The IPCC consensus building process arguably played a useful role in the early 
synthesis of the scientific knowledge. However, I have argued that the ongoing proc- 
ess to negotiate a scientific consensus has had the unintended consequence of over- 
simplifying both the problem and its solution, introducing biases into the both the 
science and related decision making processes. 

A scientist’s job is to critically evaluate evidence and challenge and reassess con- 
clusions drawn from the evidence. Disagreement and minority perspectives have an 
important and respected role to play in advancing science, as a mean for testing 
ideas and pushing the knowledge frontier forward. How then, and why, have climate 
scientists come to a scientific consensus about a very complex scientific problem that 
the scientists themselves acknowledge has substantial and fundamental uncertain- 
ties? 

Climate scientists have become entangled in an acrimonious political debate that 
has polarized the scientific community and has resulted in political attacks on sci- 
entists on both sides of the debate. A scientist’s ‘side’ is often defined by factors that 
are exogenous to the actual scientific debate. Scientific controversies surrounding 
evidence of climate change have become a proxy for political battles over whether 
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and how to react to climate change. Therefore, ‘winning’ a scientific debate means 
attaining a privileged position in political battle, hence providing motivation for de- 
fending the scientific consensus. The quality of both scientific and policy debate has 
suffered as a consequence. 

A climate scientist making a statement about uncertainty or degree of doubt in 
the climate debate is categorized as a denier or a ‘merchant of doubt,’ whose motives 
are assumed to be ideological or motivated by funding from the fossil fuel industry. 
My own experience in publicly discussing concerns about how uncertainty is charac- 
terized by the IPCC has resulted in my being labeled as a ‘climate heretic’ ^ that 
has turned against my colleagues. 

There is enormous pressure for climate scientists to conform to the so-called con- 
sensus. This pressure comes not only from politicians, but from Federal funding 
agencies, universities and professional societies, and scientists themselves who are 
green activists and advocates. Reinforcing this consensus are strong monetary, 
reputational, and authority interests. 

As a result, I have become very concerned about the integrity of climate science. 
In the last 5 years, I have published a series of papers that address the inadequa- 
cies that I see in how climate scientists address the issue of uncertainty, and pro- 
vide ways forward for improved reasoning about the complex problems in climate 
science: 

• Climate science and the uncertainty monster ^ 

• Reasoning about climate uncertainty® 

• Nullifying the climate null hypothesis 

• Climate science: no consensus on consensus® 

How to deal with the politicization of climate science is less obvious, but I regard 
it as highly important to shine some light on these problems. On my blog Climate 
Etc. at judithcurry.com, under the tags of ‘Ethics’ ‘Consensus’ lA^ and ‘Sociology 
of Science’®, I have written a series of essays on biases, the problems of advocacy 
and partisanship among climate scientists, conflicts of interest, and suppressions of 
climate inquiry. 

Unsettled climate science 

Anthropogenic climate change is a theory in which the basic mechanism is well 
understood, but whose magnitude is highly uncertain owing to feedback processes. 
Scientists agree that surface temperatures have increased overall since 1880, hu- 
mans are adding carbon dioxide to the atmosphere, and carbon dioxide and other 
greenhouse gases have a warming effect on the planet. However there is consider- 
able disagreement about the most consequential issues: whether the warming has 
been dominated by human causes versus natural variability, how much the planet 
will warm in the 21st century, and whether warming is ‘dangerous’. 

Why do climate scientists disagree? The historical data is sparse and inadequate. 
There is disagreement about the value of different classes of evidence, notably the 
value of global climate models. There is disagreement about the appropriate logical 
framework for linking and assessing the evidence in this complex problem. Sci- 
entists disagree over assessments of areas of ambiguity and ignorance. And finally, 
belief polarization resulting from politicization of the science and the IPCC’s con- 
sensus building process contributes substantially to the disagreement among sci- 
entists. 

What is causing the warming? 

The key conclusion of the 2013 IPCC AR5 Report® is that it is extremely likely 
that more than half of the warming since 1950 has been caused by humans, and 
climate model simulations indicate that all of this warming has been caused by hu- 
mans. 


1 http:] ! www.scietitificamericati.com ! article ! climate-heretic / 

^http:! Ijoumals.ametsQc.orgIdoilpdfl 10.117512011 BAMS3 139.1 

® http:! ! www.climateaccess.org ! sites / default / files ! Curry Reasonmg%20about 

%20climate%20uncertamty.pdf 

"^http:! / onlitielibrary.wiley.com I doi 1 10. 1002 1 wcc. 141 labstract?userlsAuthenticated=false 
&deniedAccessCustomisedMessage= 

® http: ! I curryja.files. wordpress.com 120121101 consensus-paper-revised-fitial.doc 
® http:! / judithcurry. com / category / ethics / 
http: ! I judithcurry.com / category ! consensus I 
® http: / / judithcurry. com / category / sociology-of-science / 

® https: I / www.ipcc.ch / pdf ! assessment-report / ar5 / wgl / WGlAR5_SPM_FINAL.pdf 
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Global surface temperature anomalies since 1850 are shown below. 
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Figure 1: Global surface temperature anomalies from the UK HadCRUTl dataset http:! j 
WWW. cm. uea. ac.uk ! cru I data ! temperature jHadCR UT4.pdf 

If the warming since 1960 was caused by humans, what caused the warming dur- 
ing the period 1910 — 1945? The period 1910-1945 comprises over 40 percent of the 
warming since 1900, but is associated with only 10 percent of the carbon dioxide 
increase since 1900. Clearly, human emissions of greenhouse gases played little role 
in causing this early warming. The mid-century period of slight cooling from 1945 
to 1975 — referred to as the ‘grand hiatus’, also has not been satisfactorily explained. 

Apart from these unexplained variations in 20th century temperatures, there is 
evidence that the global climate has been warming overall for the past 200 years, 
or even longer. While historical data becomes increasingly sparse in the 19th cen- 
tury, the Berkeley Earth Surface Temperature Project has assembled the available 
temperature data over land, back to 1750: 


Decadal Land-Surface Average Temperature 



1750 1800 1850 1900 1950 2000 

Figure 2: Global land surface temperature anomalies since 1750, smoothed with a 10 year fil- 
ter to. 

The Berkeley Earth analysis shows a warming trend back to 1800, with consider- 
able variability around the turn of the 19th century. Some of this variability around 
the turn of the 19th century can be attributed to large volcanic eruptions; this was 
also the time of the Dalton solar activity minimum (1791-1825). Paleoclimate recon- 
structions of Northern Hemisphere climate — such as from tree rings and boreholes — 

^‘’Rohde et al., Geoinfor Geostat: An Overview 2013, 1:1 http: !! dx.doi.org j 10.4172 ! 2327- 
4581.1000101 
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indicate that overall warming may have occurred for the past 300-400 years. Hu- 
mans contributed little if anything to this early global warming. 

What is the global warming hiatus, and why does it matter? 

The warming hiatus, or ‘pause’, reflects a slowdown of the rate of warming in the 
early 21st century, relative to the rapid rate of warming in the last quarter of the 
20th century. The 2013 IPCC AR5 Report made the following statement: “the rate 
of warming over the past 15 years ... is smaller than the rate calculated since 
1951”. 

The significance of a reduced rate of warming since 1998 is that during this pe- 
riod, 25 percent of human emissions of carbon dioxide have occurred. Most signifi- 
cantly, the observed rate of warming in the early 21st century was slower than cli- 
mate model predictions. The growing discrepancy between climate model predictions 
and the observations has raised serious questions about the climate models that are 
being used as the basis for national and international energy and climate policies. 

There has been a raging debate in recent months surrounding a new global tem- 
perature data set published by NOAA.^^ The new data set finds more warming in 
recent decades than other global surface temperature data sets. Media headlines 
touted the conclusion that science now shows that the recent hiatus in warming 
never existed. Other headlines accused NOAA of fiddling with the climate data to 
erase the warming hiatus. 

As NOAA’s new land temperature data set did not become publicly available until 
last month, independent scientists have not yet had the chance to fully assess or 
understand the new data set. The differences during the recent hiatus period be- 
tween the new NOAA surface temperature data set and the other data sets is illus- 
trated below. 
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Figure 3: Global surface temperature anomalies since 1995, for four different data sets. Figure 
courtesy of Robert Rohde of the Berkeley Earth Surface Temperature Project 

The new NOAA temperatures (red curve) are somewhat colder prior to 2007, and 
warmer since 2012. The largest discrepancies with other data sets are in the ocean 
data. Scientists are working to understand the reasons for these discrepancies. The 
trend of the new NOAA dataset of 0.1‘’C per decade for the period 1998-2014 is 
more than 50 percent larger than the trend of some of the other data sets. However, 
even the larger NOAA trend is at the bottom of the IPCC AR5 climate model projec- 
tions for the early 21st century warming of 0.11 to 0.43 ‘’C per decade 
The warming hiatus is most clearly revealed in the global satellite data sets of 
lower atmospheric temperature (Figure 4). Scientists disagree on the reasons for the 


^'^http: ! / www.climatechange2013.org / report / reports-graphic I ch5-graphics I , Figure 5.7 
https: I I www.ipcc.chl pdf! assessment-report Iar5l wgl i WG1AR5 SPM FINAL.pdf 
'^^http: ! ! www.sciencemag.org ! content ! early ! 2015 ! 06 ! 03 ! science.aaa5632.fuU 
^‘^https:! / www.ipcc.ch ! pdf ! assessment-report ! ar5 ! wgl IWG1AR5 Chapterll_FINAL.pdf 
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discrepancies between the variations of surface temperature and the lower atmos- 
pheric temperatures. The presence of El Nino and La Nina events compounds the 
difficulty in interpreting trends. 


1 

0.8 


Global Lower Tropospheric Temperature Variations, 1979-2014 







Figure 4: Lower atmospheric temperature anomalies determined from satellite, for two dif- 
ferent analyses. Figure courtesy of Roy Spencer, University of Alabama Huntsville. 

The U.S. media touted 2014 as the ‘warmest year’ in the historical record; how- 
ever, given the uncertainties in the analyses, 2014 was in a statistical tie with 2010 
and 2005. The UK dataset HadCRU, with perhaps a more realistic assessment of 
uncertainties, found 2014 to rank among the top 10 warmest years, all of which are 
since 1998. While the recent decade is the warmest in history, the ties for warmest 
year further reflect a plateau in the warming. 

Scientists working with the global surface temperature datasets have predicted an 
85 percent probability that 2015 will be the warmest year on record, Declarations 
of ‘warmest year’ are already being made, before the end of the year, presumably 
to support the current UN climate negotiations in Paris. However, scientists work- 
ing with the satellite data of lower atmospheric temperatures do not foresee 2015 
as being among the warmest years. 

Scientists continue to investigate the reasons for discrepancies among the data 
sets. It will likely be 5 years into the future before we have the perspective to iden- 
tify whether the warming hiatus has ended with a resumption of a more rapid rate 
of warming, or whether the warming in 2015 from the large El Nino event will be 
followed by several cool years, as is often the case following El Nino events. 

The oceans: sea ice and sea level rise 

Among the greatest public concerns about climate change are sea level rise and 
melting of the polar ice. However, unless the recent changes are put in context with 
historical variations and an understanding of natural variability, it is easy to erro- 
neously infer that any recent change is caused by humans. 

Sea ice 

The IPCC AR5 SPM reports the following trends in sea ice: 

“[T]he annual Arctic sea ice extent decreased over the period 1979-2012: the 
rate of this decrease was very likely between 3.5 and 4.1 percent per decade 
“It is very likely that the annual Antarctic sea ice extent increased at a rate 
of between 1.2 and 1.8 percent per decade between 1979 and 2012. 

Below are satellite observations of sea ice variability through early December 
2015. 


http: / / berkeleyearth. org / berkeley -earth-temperature-update / 

^^https: ! / wwiv.ipcc.ch I pdf I assessment-report I arS I wgl IWGlAR5_SPM_FINAL.pdf 
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Figure 5. Sea ice extent anomalies from 1979 to present. 

Source: http:! / arctic.atmos.uiuc.edu I cryosphere / IMAGES ! seaice. anomaly. arctic.png, 
http:! / arctic.atmos.uiuc.edu / cryosphere / IMAGES / seaice. anomaly. antarctic.png 


With regards to the most recent sea ice variability: since 2013, Arctic sea ice is 
recovering from its summertime minima during the period 2007-2012. Notably, Arc- 
tic sea ice volume (a metric that combines both horizontal extent and ice thickness) 
shows a continuing increase since 2012. During 2014, Antarctic sea ice set a win- 
tertime meiximum record; whereas during 2015, the Antarctic sea ice extent has de- 
clined owing to the El Nino event. 

Regarding the causes of the recent variations in sea ice, the AR5 Chapter 10 
states: 


“Anthropogenic forcings are very likely to have contributed to Arctic sea ice loss 
since 1979. There is low confidence in the scientific understanding of the ob- 
served increase in Antarctic sea ice extent since 1979, due to the incomplete and 
competing scientific explanations for the causes of change and low confidence in 
estimates of internal variability.” 

“Arctic temperature anomalies in the 1930s were apparently as large as 
those in the 1990s and 2000s. There is still considerable discussion of the ulti- 
mate causes of the warm temperature anomalies that occurred in the Arctic in 
the 1920s and 1930s." 


The IPCC ARB states that the increase in Antarctic sea ice is not understood and 
is not simulated correctly by climate models. Further, Arctic surface temperature 
anomalies in the 1930s were nearly as large as the recent temperature anomalies, 
and hence the IPCC uses the weak phrase ‘contributed to’ in reference to anthropo- 
genic influences on Arctic sea ice. 

A recent paper by Swart et al.'^® emphasized that internal climate variability can 
mask or enhance human-induced sea-ice loss on timescales ranging from years to 
decades or even a century. A recent paper by Zhang clarifies the natural fluctua- 
tions that influence Arctic sea ice loss — heat transported by the Atlantic and Pacific, 
and wind patterns over the Arctic that drive sea ice out from the central Arctic, 
where it melts in the North Atlantic. In particular, the recent cooling in the high 
latitudes of the North Atlantic is associated with the current recovery of the sea ice 
in the Atlantic sector. 

Wyatt and Curry (2014) interpret the multi-decadal natural variability component 
of the Arctic sea ice in context of a ‘stadium wave’.^^ The stadium wave is a hypoth- 
esized low-frequency climate signal propagating across the Northern Hemisphere, 
whose tempo is set by the multidecadal component of Atlantic Ocean variability — 
the Atlantic Multidecadal Oscillation. Sea ice in the Eurasian Arctic shelf region, 
where sea ice is uniquely exposed to open ocean in the Northern Hemisphere, 


http: i Ipsc.apl. washington.edu / wordpress i wpcontent / uploads / schweiger j ice volume / BPI 

OMASIceVolumeAnomalyCurrentV2.1.png 

https:! ! www.ipcc.ch ! pdf ! assessment-report ! arS ! wgl !WG1AR5 ChapterlO_FlNAL.pdf 

Swart et al 2015 Influence of internal variability on Arctic sea-ice trends, Nature climate 
Change, 5, Pages: 86-89 DOI: doi:10.1038/ncliniate2483 

Zhang, R. 2015. Mechanisms for low-frequency variability of summer Arctic sea ice extent, 
Proceedings of the National Academy of Sciences, doi:10.1073/pnas. 1422296112 

Wyatt, MG and JA Curry, 2013: Role for Eurasian Arctic shelf sea ice in a secularly varying 
hemispheric climate signal during the 20th century. Climate Dynamics, http:! !curryja 
.files.wordpress.com ! 2013 ! 10 ! stadium-wavel.pdf 
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bridges communication between the ocean and atmosphere that sustains propaga- 
tion of the hemispheric signal. Ocean-ice-atmosphere coupling spawns a sequence of 
positive and negative feedbacks that convey persistence and quasi-oscillatory fea- 
tures to the signal. Further stabilizing the system are anomalies of co-varying Pa- 
cific-centered atmospheric circulations. The stadium wave hypothesis suggests that 
a transition to recovery of the natural variability component of the sea ice extent 
has begun in the European Arctic sector, and that the recovery will reach its max- 
imum extent circa 2040. 

Clearly, there is a lot going on with respect to variability in Arctic and Antarctic 
sea ice that cannot be explained solely by warming from human-caused greenhouse 
gases. Climate models do not simulate correctly the ocean heat transport and its 
variations. Scientists do not agree on the explanation for the increasing Antarctic 
sea ice extent, and the key issue as to whether human-caused warming is the domi- 
nant cause of the recent Arctic sea ice loss remains unresolved. 

Nevertheless, the IPCC AR5 concluded: 

• “[I]t is very likely that the Arctic sea ice cover will continue to shrink and thin 
all year round during the 21st century. It is also likely that the Arctic Ocean 
will become nearly ice-free in September before the middle of the century {me- 
dium confidence).” 

More convincing arguments regarding causes of recent sea ice variations in both 
hemispheres are required before placing any confidence in projections of future 
changes in Arctic sea ice cover. 

Sea level rise 

The IPCC AR5 SPM^^ makes the following statements regarding global sea level 
rise: 

“Over the period 1901-2010, global mean sea level rose by 0.19 [0.17 to 0.21] m” 
[about 7-8 inches] 

“It is very likely that the mean rate of global averaged sea level rise was 1.7 [1.5 
to 1.9] mm yr-' between 1901 and 2010 . . . and 3.2 [2.8 to 3.6] mm yr-' between 
1993 and 2010. It is likely that similarly high rates occurred between 
1920 and 1950.” 

The rate of global mean sea level rise as portrayed in the IPCC AR5 is shown 
in Figure 6 below. 
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22 https: / / WWW. ipcc. ch / pdf! assessment-report / ar5 / wgl / WGlAR5_SPM_FINAL.pdf 
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Figure 6. 18-year trends of global mean sea level rise estimated at 1-year intervals. The time 
is the start date of the 18-year period, and the shading represents the 90 percent confidence. 
The estimate from satellite altimetry is also given, with the 90 percent confidence given as an 
error bar. [AR5 WGI Figure 3.14] 

The IPCC AR6 then concludes: 

“It is very likely that there is a substantial contribution from anthropogenic 
forcings to the global mean sea level rise since the 1970s.” 

Global sea level has been rising for the past several thousand years. The key issue 
is whether the rate of sea level rise is accelerating owing to anthropogenic global 
warming. It is seen that the rate of rise during 1920-1950 was comparable to, if 
not larger than, the value in recent years (a period contributing less than 10 percent 
of the human caused CO 2 emissions since 1900). Hence the data does not seem to 
support the IPCC’s conclusion of a substantial contribution from anthropogenic 
forcings to the global mean sea level rise since the 1970s. 

The IPCC AR6 then makes the following projections regarding sea level rise: 

“Under all RCP scenarios the rate of sea level rise will very likely exceed that 
observed during 1971-2010 due to increased ocean warming and increased loss 
of mass from glaciers and ice sheets. ” 

“For RCP8.5, the rise by the year 2100 is 0.52 to 0.98 m [20 to 38 inches], with 
a rate during 2081-2100 of 8 tol6 mmjyr (medium confidence). These ranges 
are derived from CMIP5 climate projections in combination with process-based 
models and literature assessment of glacier and ice sheet contributions.” 

So, for a warming since 1900 that is approaching 1 °C, we have been unable to 
identify an unambiguous signal of human-caused sea level rise that exceeds the sig- 
nal from natural variability (as evidenced by the large rates of sea level rise from 
1920 to 1950). The extreme emissions scenario (RCP8.5) projects a sea level increase 
of 20 to 38 inches by the end of the 21st century; for the more realistic emissions 
scenario RCP6.0, the projected sea level rise is 13 to 25 inches. These projections 
were obtained using the same CMIP5 models that are arguably running too hot in 
their temperature projections, perhaps by a factor of two. 

The largest concern about a potential catastrophic sea level rise is the possible 
collapse of the West Antarctic Ice Sheet (WAIS). The IPCC AR5 decided that there 
was insufficient evidence to make an assessment any more precise than the sea 
level rise contribution from WAIS “would not exceed several tenths of a metre” by 
the end of the 21st century. A recent paper in Nature^* predicts that WAIS insta- 
bility will most likely contribute 10 cm sea level rise by the end of the 21st century 
but is extremely unlikely to contribute more than 30 cm. 

A recent paper published by NASA scientists found that overall mass gains of 
the Antarctic ice sheet exceed losses, and that the growing accumulation of snow 
over Antarctic is decreasing global sea level by 0.23 mm/yr. This finding is in con- 
trast to the IPCC AR5 conclusion that Antarctica was adding 0.27 mm/yr to sea 
level rise. The issues surrounding the current and potential future contributions of 
Antarctica to sea level rise continue to be debated. 

The essential issue regarding sea level rise is that any dangers are local. Global 
warming (whether natural or anthropogenic) is only one factor that influences local 
sea level rise: other factors are geological sinking/rising, ground water withdrawal, 
and river and coastal engineering. Nearly all locales where sea level rise is regarded 
as dangerous have rates of sea level rise that far exceed the global rate of 3 mm/ 
yr — U.S. examples^® are the Louisiana coast (9.03 mm/yr) and Chesapeake Bay 
(6.02 mm/yr), and Bangladesh sea level is rising at a rate of 10.7 mm/yr A recent 
study by New Zealand scientists^® found that 18 of 29 atoll islands in the tropical 
Pacific have actually grown over the past 60 years, in the presence of rising sea lev- 
els. 

Summary 

Anthropogenic climate change is a theory in which the basic mechanism is well 
understood, but whose potential magnitude is highly uncertain. What does the pre- 
ceding analysis imply for IPCC’s ‘extremely likely’ attribution of anthropogenically 
caused warming since 1950? 


https:! i www.ipcc.ch i publications and data i ar4 ! wgl I en I spm.html 

24 http: i i WWW. nature.com i articles i doi:l 0.10381 naturel6147 

2 ® http: i i WWW. ingentaconnect.com! content / igsoc / jog ! pre-prints ! content-ings jog ISjOJl 

‘^^http:! ! tidesandcurrents. noaa.gov ! sltrends ! sltrends.html 

^'^http:! ! www.sciencedirect.com ! science ! article ! pii ! S092 18181 13002191 

2 ® http: ! ! www.crossref.org / iPage ?doi=10. 1 130%2FG36555. 1 
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1. After expecting a global mean surface temperature increase of 0.2 °C per dec- 
ade in the early decades of the 21st century based on climate model simula- 
tions and statements in the 2007 IPCC AR4 Report^®, the rate of warming 
since 1998 is only 0.065 °C per decade (HadCRUT4 data set) or 0.1 °C per dec- 
ade (new NOAA data set). 

2. There have been large magnitude variations in global/hemispheric climate on 
timescales of 30 years, which are the same duration as the late 20th century 
warming. The IPCC does not have convincing explanations for previous 30 year 
periods in the 20th century, notably the warming 1910-1945 and the grand hi- 
atus 1945-1975. 

3. There is a secular warming trend at least since 1800 (and possibly as long as 
400 years), that cannot be explained by CO 2 , and is only partly explained by 
volcanic eruptions. 

The combination of these three points substantially reduces the confidence that 
we should place in the IPCC’s attribution of warming since 1950 to human causes. 

With regards to the multidecadal variations, a recent paper by Tung and Zhou^® 
argue that a natural multidecadal oscillation of an average period of 70 years with 
significant amplitude of 0.3-0.4°C is superimposed on the secular warming trend, 
which accounts for 40 percent of the observed warming since the mid-20th century. 
Tung and Zhou identify this oscillation with the Atlantic Multidecadal Oscillation 
(AMO), although the stadium wave suggests a more complex multidecadal signal. 
The stadium wave provides a common explanation for both the mid 20th century 
warming hiatus (1945-1975) and the 21st century warming hiatus (since 1998). 
These oscillations are strongly reflected also in Arctic temperatures, Arctic sea ice 
extent and Greenland melting. 

What could be the cause of a 200 — 400 year period of secular warming? The obvi- 
ous places to look are to the sun and the ocean. Ocean circulation patterns influence 
climate also on century to millennial time scales. Sun-climate connections are re- 
ceiving renewed interest, as evidenced by the National Academies Workshop Report 
“The Effects of Solar Variability on Earth’s Climate”.^^ Understanding and explain- 
ing the climate variability over the past 400 years, prior to 1950, has received far 
too little attention. Without this understanding, we should place little confidence in 
the IPCC’s explanations of warming since 1950 — it is too easy to get the ‘right’ an- 
swer for the wrong reasons. 

Whither the 21st eentury elimate? 

The IPCC has made dire predictions that we can expect 4 “C or more of warming 
by the end of the 21st century if carbon dioxide emissions are not reduced. The cli- 
mate models making these predictions are the same models that predicted too much 
warming in the early 21st century, and do not reproduce the warming from 1910- 
1945 or the mid 20th century grand hiatus. Further, the global climate models can- 
not predict future major volcanic eruptions or solar cycles, and do not adequately 
predict the long-term oscillations in the ocean. 

Arguments for lower values of climate sensitivity to CO2 

Human-caused warming depends not only on increases in greenhouse gases but 
also on how ‘sensitive’ the climate is to these increases. Climate sensitivity is de- 
fined as the global surface warming that occurs when the concentration of carbon 
dioxide in the atmosphere doubles. If climate sensitivity is high, then we can expect 
substantial warming in the coming century as emissions continue to increase. If cli- 
mate sensitivity is low, then future warming will be substantially lower. 

The equilibrium climate sensitivity (ECS) is defined as the change in global mean 
surface temperature that is caused by a doubling of the atmospheric CO 2 concentra- 
tion, allowing sufficient time for the climate to equilibrate. Table 1 compares the 
values of ECS determined by: the IPCC AR4 (2007)33, the IPCC AR5 (2013)34, the 


https: 1 1 www.ipcc.ch I publications and data ! ar4 j wgl / en I spm.html 

3^ Tung, KK and J Zhou, 2013: Using data to attribute episodes of warming and cooling in 
instrumental records. PNAS http: I ! www.pnas.org I content j early 1 2013 101 122 1 1212471110 
.abstract 

34 Wyatt, MG and JA Curry 2014: Role for Eurasian Arctic shelf sea ice in a secularly varying 
hemispheric climate signal during the 20th century. Climate Dynamics, 42, 2763-2782. http:ll 
judithcurry.com ! 2013 ! 10! 10! the-stadium-wave / 

33 http: / / WWW. nap.edu j read / 135191 chapter jl #xi 

https:! i www.ipcc.ch! publications and data ! ar4 ! wgl / en I spm.html 

34 https: !! www.ipcc.chl pdf! assessment-report !ar5 ! wgl ! WGlAIi5_SPM_FINAL.pdf 
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CMIP5 climate models cited in the IPCC AR5 (2013)®®, the ohservational analysis 
of Lewis and Curry (2014)®® and the update hy Lewis (2015)®^ with lower aerosol 
forcing, and the U.S. IWG®® (used to determine the social cost of carhon). 

Table L Values of equilibrium climate sensitivity (ECS) (°C) 


5th pctile 95th pctile 


IPCC AR4 (2007) 

3.0 

1.5 



IPCC AR5 (2013) 

— 

1.0 

6.0* 

CMIP5 models (2013) 

3.22 

2.1 

4.7 

Lewis & Curry (2014) 

1.64 

1.05 

4.05 

Lewis (2015) 

1.45 

1.05 

2.2 

US IWG 

3.0 

1.72 

7.14 


90th pctile 


There are marked differences between the values of ECS determined hy the IPCC 
AR5 versus the AR4. The nominal lower hound (5th percentile) has dropped from 
1.5 °C (AR4) to 1.0 °C (AR5). The AR5 finds values of ECS exceeding 6°C to he very 
unlikely (90th percentile), whereas the AR4 did not have sufficient confidence to 
identify an upper hound at this confidence level. It is also significant that the AR5 
does not cite a ‘hest estimate’, whereas the AR4 cites a hest estimate of 3 °C. The 
stated reason for not citing a hest estimate in the AR5 is the substantial discrep- 
ancy between observation-based estimates of ECS (lower), versus estimates from cli- 
mate models (higher). 

Lewis and Curry (2014) found values of ECS approximately half that determined 
from the CMIP5 climate models. Using an observation-based energy balance ap- 
proach, our calculations used the same data (including uncertainties) for changes in 
greenhouse gases, aerosols and other drivers of climate change given by the IPCC 
AR5. Our range for ECS is much narrower, with far lower upper limits, than re- 
ported by the IPCC AR5. Recent papers by Skeie et al®® and Masters also find 
comparably low values of ECS. 

The latest research suggests even lower values of the equilibrium climate sensi- 
tivity. The greatest uncertainty in ECS estimates is accounting for the effects of 
small aerosol particles in the atmosphere, which have a cooling effect on the climate 
(partially counteracting the greenhouse warming). A new paper by Stevens con- 
strains the impact of aerosols on climate to be significantly smaller than assumed 
in the IPCC AR5. Nicholas Lewis has re-run the calculations used in Lewis and 
Curry (2014) using aerosol impact estimates in line with Stevens’ paper.^^ Most sig- 
nificantly, the upper bound (95th percentile) is lowered to 2.2 °C (Table 1). 

At the recent international Workshop on Earth’s Climate Sensitivity,’^® concerns 
were raised about the upper end of the Lewis and Curry sensitivity being too low, 
owing to uncertainties in ocean heat uptake. Many of the climate model simulations 
used for the AR5 (CMIP5) are using values of aerosol forcing that are now known 
to be far too high. Climate model simulations that are re-assessed and re-calibrated 
to account for smaller values of aerosol forcing can be used to clarify the upper 
bound of ECS. In a presentation at the Workshop, IPCC lead author Bjorn Ste- 
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vens'^'* argued for an upper bound to ECS of 3.5 °C based on analyses of climate 
models. Research continues to assess the methods used to estimate climate sensi- 
tivity. However, the reduced estimates of aerosol cooling lead inescapably to reduc- 
tions in the estimated upper bound of climate sensitivity. 

The discrepancy between observational and climate model-based estimates of cli- 
mate sensitivity is substantial and of significant importance to policymakers — equi- 
librium climate sensitivity, and the level of uncertainty in its value, is a key input 
into the economic models that drive cost-benefit analyses and estimates of the social 
cost of carbon. In spite of the IPCC AR5 assessment (where a ‘best value’ was not 
given) and this recent research on climate sensitivity, economists calculating the so- 
cial cost of carbon and the impacts of emissions reductions on climate continue to 
use the ‘best value’ of ECS = 3 ‘’C determined by the 2007 IPCC AR4 Report. 

A particularly egregious example of this is the U.S. Social Cost of Carbon,^® pre- 
pared by the InterAgency Working Group (IWG). In May 2013, the IWG produced 
an updated social cost of carbon model. However, the IWG did not update the equi- 
librium climate sensitivity (ECS) employed in the models, and this decision was re- 
affirmed by the IWG in July 2015. The values of ECS used by the U.S. IWG (Table 
1) have lower and upper bounds that are indefensible in context of the IPCC values 
and most particularly in light of the recent research. The 95th percentile value is 
of particular importance, since the tail values of ECS drive the social cost of carbon. 

In summary, there is a great deal of uncertainty in the values of climate sensi- 
tivity, and this is an active area of research. There is growing evidence in the pub- 
lished literature and recent assessments and workshops that a sensitivity of 1.0 °C 
is the appropriate lower bound to use in a 5 to 95 percentile range, and there is 
decreasing support for values of equilibrium climate sensitivity above 3.5°C. Not 
only are the U.S. IWG sensitivity values much higher than values suggested by the 
latest research, but the U.S. IWG values are indefensible even in context of both 
the IPCC AR4 and AR5 reports. The end result is that misleading values of the so- 
cial cost of carbon being used to drive U.S. climate and energy policy. 

Climate change in the 21st century 

Chapter 11 of the IPCC AR5 Report focused on near term climate change, 
through 2035. Figure 7 compares climate model projections with recent observations 
of global surface temperature anomalies. 


CMIP5 near-term global temperature projections: updated from IPCC AR5 Fig. 1 1.25 
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Figure 7. Comparison of CMIP5 climate model simulations of global surface temperature 
anomalies with observations through 2014 (HadCRUT4). Updated from Figure 11.25 of the 
IPCC ARS, to include observations through 2014. http: 1 1 www.cUmate-lab-book.ac.uk I com- 
paring-cmipS-observations / 

The observed global temperatures for the past decade are at the bottom bound of 
the 5-95 percent envelope of the CMIP5 climate model simulations. Overall, the 
trend in the climate model simulations is substantially larger than the observed 
trend over the past 15 years. 
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Regarding projections for the period 2015-2035, the 5-95 percent range for the 
trend of the CMIP5 climate model simulations is 0.11°C-0.41 °C per decade. The 
IPCC then cites ‘expert judgment’ as the rationale for lowering the projections (indi- 
cated by the red hatching in Figure 7): 

“However, the implied rates of warming over the period from 1986-2005 to 2016- 
2035 are lower as a result of the hiatus: 0.10°C-0.23°C per decade, suggesting 
the AR4 assessment was near the upper end of current expectations for this spe- 
cific time interval.” 

This lowering of the projections relative to the results from the raw CMIP5 model 
simulations was done based on expert judgment that some models are too sensitive 
to anthropogenic forcing. 

Multi-decadal ocean oscillations play a dominant role in determining climate on 
decadal timescales. The Atlantic Multidecadal Oscillation (AMO) is currently in its 
warm phase, with a shift to the cool phase expected to occur sometime in the 
2020s.‘‘'^ Climate models, even when initialized with ocean data, have a difficult 
time simulating the amplitude and phasing of the ocean oscillations. In a paper that 
I coauthored, we found that most of CMIP5 climate models, when initialized with 
ocean data, show some skill out to 10 years in simulating the AMO."*® Tung and 
Zhou"^® argue that not taking the AMO into account in predictions of future warm- 
ing under various forcing scenarios may run the risk of over-estimating the warm- 
ing for the next two to three decades, when the AMO is likely in its cool phase. 

Projections for the year 2100 

Climate model projections of global temperature change at the end of the 21st 
century are driving international negotiations on CO 2 emissions reductions, under 
the auspices of the UN Framework Convention on Climate Change (UNFCCC).®® 
Figure 8 shows climate model projections of 21st century warming. RCP8.5 reflects 
an extreme scenario of increasing emissions of greenhouse gases, whereas RCP2.6 
is a scenario where emissions peak around 2015 and are rapidly reduced thereafter. 
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Figure 8: Figure SPM.7 of the IPCC AR5 WGl. CMIP5 multi-model simulated time series 
from 1950 to 2100 for change in global annual mean surface temperature relative to 1986-2005. 
Time series of projections and a measure of uncertainty (shading) are shown for scenarios 
RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using 
historical reconstructed forcings. The mean and associated uncertainties averaged over 2081- 
2100 are given for all RCP scenarios as colored vertical bars. 

Under the RCP8.5 scenario, the CMIP5 climate models project continued warming 
through the 21st century that is expected to surpass the ‘dangerous’ threshold of 
2°C warming as early as 2040. It is important to note that the CMIP5 simulations 
only consider scenarios of future greenhouse gas emissions — they do not include con- 
sideration of scenarios of future volcanic eruptions, solar variability or long-term os- 
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dilations in the ocean. Russian scientists argue that we can expect a Grand Solar 
Minima (contributing to cooling) to peak mid 21st century. 

While the near-term temperature projections were lowered relative to the CMIP5 
simulations (Figure 7), the IPCC AR5 SPM®^ states with regards to extended-range 
warming: 

"The likely ranges for 2046-2065 do not take into account the possible influence 
of factors that lead to the assessed range for near-term (2016-2035) global mean 
surface temperature change that is lower than the 5-95 percent model range, be- 
cause the influence of these factors on longer term projections has not been quan- 
tified due to insufficient scientific understanding.” 

There is a troubling internal inconsistency in the IPCC AR6 WGl Report: the AR5 
assesses substantial uncertainty in climate sensitivity and substantially lowered 
their projections for 2016-2035 relative to the climate model projections, versus the 
projections out to 2100 that use climate models that are clearly running too hot. 
Even more troubling is that the IPCC WG3 report — Mitigation of Climate Change — 
conducted its entire analysis assuming a ‘best estimate’ of equilibrium climate sensi- 
tivity to be 3.0 °C. 

The IPCC AR5 declined to select a ‘best estimate’ for equilibrium climate sensi- 
tivity, owing to discrepancies between climate model estimates and observational es- 
timates (that are about half the magnitude of the climate model estimates). Hence 
the CMIP5 models produce warming that is nominally twice as large as the lower 
values of climate sensitivity would produce. No account is made in these projections 
of 21st century climate change for the substantial uncertainty in climate sensitivity 
that is acknowledged by the IPCC. 

Impact of reductions in CO 2 emissions 

The current negotiations in Paris under the auspices of the UNFCCC COP21 are 
aimed at reducing emissions so as to avoid ‘dangerous’ human interference with cli- 
mate change.®^ The definition of ‘dangerous’ has been rather arbitrarily set at 2‘’C 
warming since pre-industrial times.®‘‘ 

The world’s nations have recently submitted to the UNFCCC their Intended Na- 
tionally Determined Contributions (INDCs).®® Economists are beginning to assess 
the impact that these INDCs will have on the climate by the end of the 21st cen- 
tury. Danish economist Bjorn Lomborg recently published a paper®® that assesses 
the impact of the climate policies implemented by 2030, and assuming these policies 
are extended out to 2100. Lomborg concluded that an optimistic estimate (assuming 
the targets are actually met) is that these emissions reductions would prevent 0.17 
‘’C of warming by the end of the 21st century. Lomborg’s estimate is consistent with 
a statement in the “MIT Energy and Climate Outlook 2015”®'^ that projected about 
0.2 °C less warming by the end of the 21st century. 

The second, longer-term reduction commitments {e.g., 80 percent reduction in both 
U.S. and EU emissions by 2050) were not included in Lomborg’s analysis, because 
he regarded promises of what will happen in 2050 to be not as much actual policies 
but political hand waving. The International Energy Agency has issued a report®® 
that estimated that full implementation of the path set by the global INDCs would 
be consistent with a global average temperature increase of 2.7‘’C by 2100. Other 
estimates®® range higher, up 3.5 “"C, although none of these estimates are docu- 
mented in detail or published in a refereed journal. The bottom line is that all of 
these estimates from climate models are far from achieving the desired objective of 
keeping the warming below 2 °C. 

All of these estimates are being conducted using the MAGICC climate model,®® 
which allows specification of the value of equilibrium climate sensitivity. MAGICC’s 


®:^Abdussamatov, H 2013: Current long-term negative energy balance of the earth leads to the 
new little ice age. Journal of Geology and Geophysics http: 1 lomicsgroup.org (journals ! grand- 
minimum-of-the-total-solar-irradiance-leads-to-the-little-ice-age-2329-6755.1000113.pdf 

https : ( / www.ipcc.ch (pdf (assessment-report I arSlwgl (WGlAR5_SPM_FINAL.pdf Table 
SPM.2 

https: ( ( unfccc. int ( resource ( docs ( convkp ( conveng.pdf 
^‘^http:( ( www.wbgu.de ( en ( special-reports ( sr-1995-co2-reduction ( 

^^http'.l ( unfccc. int ( focus ( indc portal ( items ( 8766.php 

®®Lomborg, B, 2015: Impact of Current Climate Proposals, Global Policy http: (( online 
Ubrary.wiley.com ( doi ( 10.1111 ( 1 758-5899. 12295 (full 

^"^http'.l ( globalchange.mit.edu ( research ( publications ( other ( special ( 2015Outlook 

http: ( ( WWW. iea.org ( media ( news ( WEO INDC Paper Final WEB. PDF 

http: ( ( www.climatescoreboard.com 
^^http:( ( www.cgd.ucar.edu ( cas ( wigley ( magicc ( 



53 


default value of ECS is 3 °C, and this number has become so ingrained that you 
see many analyses that do not even cite the value of ECS that was used. 

Of particular note is a recent paper by Japanese economists Yoichi Kaya, 
Mitsutune Yamaguchi and Keigo Akimoto entitled “The uncertainty of climate sensi- 
tivity and its implications for the Paris negotiations”.®^ The key conclusion from 
their paper: 

“The outcome of our model shows global total emissions under major countries’ 
INDCs in 2030 will not be on track to attain the 2 C target if climate sensitivity 
is 3 C. On the other hand, if climate sensitivity is 2.5 C, and if we allow a tem- 
poral overshoot of 580 ppmCOi-eq, that the 2 C target is still within reach”. 

If ECS is even lower, below 2 °C, then it is even easier to stay below the 2 °C 
‘danger’ level. Further, for lower values of ECS, the planned emissions reductions 
will have an even smaller impact on temperatures in 2100. Policy makers meeting 
in Paris seem not to realize that there is large uncertainty in the values of equi- 
librium climate sensitivity, and that there is growing evidence in support of lower 
values. 

Summary 

The IPCC’s projections of 21st century climate change explicitly assume that CO 2 
is the control knob on global climate. Climate model projections of the 21st century 
climate are not convincing because of: 

• Failure to predict the early 21st century hiatus in surface warming 

• Inability to simulate the patterns and timing on multidecadal ocean oscillations 

• Lack of account for future solar variations and solar indirect effects on climate 

• Apparent oversensitivity to increases in greenhouse gases 

There is growing evidence that climate models are running too hot and that cli- 
mate sensitivity to CO 2 is on the lower end of the range provided by the IPCC — 
this is acknowledged in the IPCC AR5. Nevertheless, these lower values of climate 
sensitivity are not accounted for in IPCC’s projections of temperature at the end of 
the 21st century or in estimates of the impact on temperatures of reducing CO 2 
emissions. 

While there is increasing evidence that the threat from human caused warming 
in the 21st century is overstated, the level of uncertainty is such that the possibly 
of dangerous human caused climate change remains. However, if the threat is not 
overstated by the IPCC, there are major shortfalls in solutions proposed by the UN, 
whereby proposed emissions reductions, even if actually successfully implemented, 
are insufficient to prevent what they regard as dangerous climate change. 

The broken social contract between climate science and society 

Working through Congress, the public has been generous with its funding for cli- 
mate and the related sciences. However, recent stresses have frayed the fabric of 
the social contract between climate scientists and society.®^ Unfortunately, many cli- 
mate scientists have responded by resorting to advocacy, both for increasing funding 
levels and for specific policies related to energy and climate. Even worse, too many 
climate scientists have abandoned any pretense at nonpartisanship and objectivity. 

Scientists advocating for CO 2 emissions reductions is becoming the default, ex- 
pected position for climate scientists; an example is this Huffington Post editorial 
“Curry Advocates Against Action on Climate Change” ®® that was signed by five cli- 
mate scientists. This op-ed was a response to my arguments for values of climate 
sensitivity being on the low end of the IPCC spectrum. I am neither advocating for 
or against ‘action’ in terms of reducing CO 2 emissions. My writings on the policy 
response to climate change®"* address frameworks for decision making under deep 
uncertainty, including robust decision making and the concepts of resilience and 
anti-fragility. 

In their efforts to promote their ‘cause,’ the scientific establishment behind the 
global warming issue has been drawn into the trap of seriously understating the un- 
certainties associated with the climate problem. This behavior risks destroying 
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science’s reputation for honesty and objectivity — without this objectivity and hon- 
esty, scientists become regarded as merely another lobb3dst ^oup. 

The biases of individuals are not an impediment to scientific progress if scholarly 
institutions work to counteract the errors and flaws of scientific research. A fair 
process of peer review and vigorous post-publication peer debate will quickly iden- 
tify the most obvious errors and biases. Researchers having different perspectives 
(including their values and political identities) will conduct their own research and 
obtain opposing results, and the field will gradually sort out the truth. 

This system works unless the institutions that support science — the professional 
societies that publish journals, organize conference and confer honors — are them- 
selves biased. Nearly all of the relevant professional societies have issued policy 
statements about climate change, including statements such as ‘Human-Induced 
Climate Change Requires Urgent Aetion’^^ and ‘eall to support actions that will re- 
duce the emissions.’^^ Even more egregious is overt advocacy by journal editors, no- 
tably Marcia McNutt (editor of Science), who recently published this statement in 
an opinion piece in Seienee^'^: “The time for debate has ended. Action is urgently 
needed." Such official statements from the professional societies provide journal edi- 
tors with a license to reject papers that challenge the consensus. 

An even more insidious problem is when there is not a critical mass of scientists 
who think differently or who shrink from speaking up because they expect ostracism 
in response. Minority perspectives on climate science are effectively being squeezed 
out of the universities, and dissenting individuals choose to join the private sector, 
retire, join think tanks, or switch research topics. Climate science that dissents from 
the consensus is increasingly being relegated to retired professors and self-sup- 
ported individuals from other fields, who are asking important questions that aren’t 
‘relevant’ to government research funding priorities. 

While concerns about the behaviors and motives of scientists and the institutions 
that support science are well founded, the other side of the social contract is at least 
equally problematical. President Obama’s administration is using climate science to 
support his political agenda, and is actively discouraging disagreement through con- 
sensus enforcement, e.g., “Call Out The Climate Deniers.”®® So under the current 
administration, the social contract for climate science seems to be: support the con- 
sensus and promote alarmism, and you will receive plenty of research funding. 

The potential for Federal funding to bias science is discussed in this recent re- 
port.®® From my perspective, here is how research funding motivates what is going 
on. ‘Success’ to individual researchers, particularly at the large state universities, 
is driven by research dollars — big lab spaces, high salaries, institutional prestige, 
and career advancement. At the Program Manager level within a funding agency, 
‘success’ is reflected in growing the size of their program {e.g., more funding) and 
having some high profile results {e.g., press releases). At higher levels. Divisional 
administrators are competing for budget dollars against the other Divisions; tying 
their research to a national policy priority helps in this competition. At the agency 
level, ‘success’ is reflected in growing, or at least preserving, the agency’s budget. 
Aligning yourself, your program, your agency with the current political imperatives 
is a key to ‘success’. 

It is very difficult to obtain Federal research funding for dissenting science. Dif- 
ficulty in the peer review process is only part of the problem. One problem is re- 
flected in an e-mail '^® I recently received from a scientist employed at NASA: 

“I was at a small meeting of NASA-affiliated scientists and was told by our top 
manager that he was told by his NASA boss that we should not try to publish 
papers contrary to the current global warming claims, because he (the NASA 
boss) would then have a headache countering the “undesirable” publicity”. 

I hesitate somewhat to call out the NASA leadership here, since I think the bigger 
problems are with the NOAA leadership. The biggest problem, however, is that the 
call for proposals from the Federal funding agencies (notably NASA and NOAA) 
make an implicit assumption of the dominance of human caused global warming in 
the topics for which they are requesting research proposals. 

Something is clearly wrong with the current contract between climate scientists 
and society that is biasing the science and breeding scientists who are advocates. 
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partisans and alarmist. And the teixpayer foots the bill. How can we press the ‘reset 
button’ on all this? 

First, we need to recognize that the politically driven push to manufacture a pre- 
mature consensus on human caused climate change is biasing climate research, and 
in particular is resulting in the relative neglect of research on natural climate varia- 
bility. Until we have a better understanding and predictive capability of natural cli- 
mate variability, we don’t have a strong basis for predicting the climate in the dec- 
ades or century to come. 

Second, we need to break the ‘knowledge monopoly’ in climate science — the 
IPCC. As a result of this knowledge monopoly, there is insufficient intellectual and 
political diversity in assessments about climate change. To break this monopoly, we 
need to identify new frameworks for encouraging, publishing and publicizing inde- 
pendent ideas and assessments. 

And finally, we need to find ways to fund a broader spectrum of research that 
challenges the politically preferred outcomes. 
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Senator Cruz. Thank you very much, Dr. Curry. 

Dr. Happer? 

[Pause.] 

STATEMENT OF WILLIAM HAPPER, Ph.D., CYRUS FOGG 
BRACKET PROFESSOR OF PHYSICS, PRINCETON UNIVERSITY 

Dr. Happer. My name is William Happer. I recently retired from 
a career of 50 years of teaching physics at Princeton and Columbia 
Universities. 

As the Chairman mentioned, I served as Director of Energy Re- 
search, Office of Energy Research in Department of Energy from 
1990 to 1993. And among the other projects I supported there was 
the Atmospheric Radiation Measurements Program, which is still 
going strong with facilities all over the world to measure basic cli- 
mate data. 
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After leaving the Department of Energy, I served as Princeton 
University’s equivalent for vice president for research from 1995 to 
2005. I guess I am hest known in the scientific community for in- 
venting the sodium guide star that is used on all modern telescopes 
to compensate for atmospheric turbulence. So I have heen very in- 
volved with the atmosphere for a very long time. 

There is all this talk about carbon pollution, which, of course, is 
meant carbon dioxide pollution, and I would like to set the record 
straight that carbon dioxide is not a pollutant. We are sitting in 
this room breathing out carbon dioxide at 40,000 parts per million 
with every breath. 

We are fundamentally in a carbon dioxide famine, geologically 
speaking, now. If you look at the geological history of the Earth, 
most of the time CO 2 levels have been three times, four times what 
they are now. The Earth was just fine then. 

And in fact, at the present time, you know, many plants are hav- 
ing a hard time performing as well as they are designed to perform 
because the CO 2 levels are too low, and the oxygen levels are too 
high. I won’t go into the details, but there is not much dispute 
about that. 

So the issue is not that CO 2 is a pollutant. It is actually very, 
very good for the world. The issue is what will it do to tempera- 
ture? And Dr. Christy very clearly showed and a version of his dis- 
play is reproduced here, which is a figure from Nature magazine. 
It is peer reviewed. Nature is anything but a skeptic journal. 

But what it shows in dark bars are the predictions of various cli- 
mate models of how much warming there would be over two time 
intervals, a 10-year interval, and a 20-year interval. The red bar 
is what is observed, and you notice that the observed warming is 
much, much less than the predictions of climate models. 

Dr. Christy’s chart was another version of that for the atmos- 
phere, the lower atmosphere, and this is actually for surface data. 
But the message is the same for both sets of data, that the climate 
models on the basis of which we are making policy, do not work. 

OK. So let me move on to the fact that CO 2 is a very important 
part of life on Earth. 

This picture shows the greening of the planet from 1982 to 2010. 
And so this is satellite images of certain wavelength bands that 
allow you to tell how much plant life there is, and what you see 
is that over most of the Earth, contrary to what you might have 
heard, is that the Earth is getting greener. 

And this is also clear from crop yields. Crop yields are going up. 
Some of that is fertilizer. Some of that is better cropping practices. 
But a good fraction of it is CO 2 , 15 percent of the increase in crop 
yields is due to the 30 percent increase of CO 2 we have had in the 
past 100 years. So to call CO 2 a pollutant is just completely wrong- 
headed. 

Now I would like to conclude by supporting Dr. Christy’s urging 
that we have a red team. I call it a Team B. Science is often so 
complicated and controversial that unless you have some adver- 
sarial process, you really can’t be sure who is right. 

So, for example, when I was at Department of Energy, I didn’t 
understand enough about nuclear weapons to know whether Liver- 
more was right or Los Alamos was right. But I knew I could count 
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on Livermore to catch any error in Los Alamos or vice versa. That 
is the reason we had two labs. One could catch any mistakes made 
by the other. 

We don’t have two labs for climate. We have one organization, 
one world organization, the IPCC. And funding agencies follow the 
IPCC dogma. I would like to argue very strongly that we set aside 
some fraction of funding for climate research that is not con- 
strained to follow IPCC dogma. 

If you have some proposed research that might show that CO2 
is not such a big problem, you should be able to get funding. You 
shouldn’t be last in line and turned away. That is the way it is in 
many other areas of human life. Even to become a saint in the 
Catholic Church, you have to pass a contested trial with a devil’s 
advocate. You can’t be sainted without that. 

So every other region, every other aspect of human life has an 
adversarial process. This is the only area I know of where there is 
nothing adversarial in the science. 

And so I would like to second Dr. Christy’s request for a red 
team. A Team B also would be a good idea to provide a rigorous 
review of how well is science working. I know that there was re- 
view of how well science works, that both Dr. Christy and Dr. 
Curry took part in, by the American Physical Society. They did 
very well, and the review represented both sides of the debate. It 
was the only good review I know of It was organized by Dr. Steve 
Koonin. 

And I noticed that when the list of organizations supporting cli- 
mate alarmism was read, the one that wasn’t there was the Amer- 
ican Physical Society. Maybe that was an oversight. I hope not. I 
hope it was partly due to Dr. Curry and Dr. Christy because it was 
a very informative workshop. 

So let me conclude my testimony here, and thank you very much 
for the invitation. 

[The prepared statement of Dr. Happer follows:] 

Prepared Statement of William Happer 


My Experience 

• 50 years as research physicist, on faculties of Columbia and Princeton 
Universities, at Department of Energy and in JASON Group. 

• Pioneering work in atmospheric physics. Inventor of "sodium guide 
star" used on all modern telescopes to correct for atmospheric 
turbulence. 

• Over 200 peer-reviewed papers. 

• VP for research at Princeton University. 

• Funder of early climate models as Director of Office of Energy 
Research at U.S. DOE from 1990 to 1993. 




58 


I would like to express my thanks to Senator Cruz, Senator Thune, Senator Nel- 
son and other members of this committee for inviting me to express my views at 
this hearing on climate science. 

My name is William Happer. I recently retired from a career of over fifty years 
teaching physics at Princeton and Columbia Universities. I also served as the Direc- 
tor of the Office of Energy Research, now the Office of Science, in the U.S. Depart- 
ment of energy from the years 1990 to 1993, where I was responsible for all the 
non-weapons basic research of the Department of Energy. In addition to areas like 
high energy physics, materials science, the human genome and others, I had respon- 
sibility for doe’s work on climate science. During my time at DOE, my office estab- 
lished the Atmospheric Radiation Measurement (ARM) Climate Research Facility, 
with remote sensing observatories all around the world. The facility is still going 
strong and providing high quality observational data on atmospheric physics. 

After leaving DOE, I served as Princeton University’s equivalent of Vice President 
for Research from 1995 to 2005. I have published over 200 peer-reviewed scientific 
papers. Scientifically, I am probably best known for having invented the sodium 
guide star, used by modern ground based telescopes to remove much of the blurring 
of stellar images by atmospheric turbulence. 


Carbon Dioxide Benefits the World 

• Establishment climate models give much more warming than has 
been observed over the past 20 years. 

• The climate sensitivity, that is, the warming from doubling COj is 
probably in the range of 0.5° to 1.5°C. 

• The sensitivity value makes all the difference. A low sensitivity value 
means modest warming, that will be beneficial. Warming will occur 
more at night than during the day and more during winter than 
summer. 

• Increasing COj levels will make plants grow faster and be less 
susceptible to drought. This will be a huge benefit to agriculture. 


Along with other witnesses at this hearing, I hope to correct some misconceptions 
about the trace atmospheric gas, carbon dioxide or CO 2 . In spite of the drumbeat 
of propaganda, CO 2 is not “carbon pollution.” As part of my written testimony, I 
have submitted the document. Carbon Dioxide Benefits the Word: See for Yourself. 
This document summarizes the view of the CO 2 Coalition, a distinguished group of 
scientists, engineers, economists and others. The benefits that more CO 2 brings from 
increased agricultural yields and modest warming far outweigh any harm. 

The key issue here is the equilibrium climate sensitivity: how much will the 
earth’s surface eventually warm if the atmospheric concentration of CO 2 is doubled? 
This number has been drifting steadily downward from a youthful Arrhenius’s first 
estimate of about 6 C to the estimate of the International Panel on Climate change 
(IPCC) of 1.5 C to 4.5 C. Observations of very small warming over the past 20 years 
suggest that the sensitivity is unlikely to be larger than 2 C. There are credible esti- 
mates that the sensitivity could be as small as 0.5 C. 
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Climate Models Don't Work; Red is Observed; Bars are Models 



Ftgur* \ I Trvntfs tn globoM me4»n wrl«c« taoHM^Atur* m 1993*?Ol2 b. 1998*2012 MtttogrAms of 
ot>&efv«d tr«nd& (rod hatchmg) arc from 1CX) rccomtrucfiom of the HadCRUT4 dataset' Htstograms 
of model trertds (grey bars) are based on 117 stmutatlom of the models, and black curves are smoothed 
versforrs of the model trer>ds The ranges of observed trer>ds reflect observa(K>nal ur>certainty. whereas 
the ranges of model trer>ds reflect forcirtg ur>certalnty. as well as dtffererKes in Irtdivsdual model responses 
to exlerrtal forcirtgs ar>d ufKertainly arising from mierrxal climate variability 

Fyfe et al.. Nature Climate Change, Vol 3, p. 767, September 2013. 


This slide shows that various mainstream climate models (the gray bars) have 
predicted much more warming than observed (the red bars). For full disclosure I 
add the warming predicted by me and my JASON colleagues in our book, The Long- 
Term Impaets of Inereasing Atmospheric Carbon Dioxide Levels, edited by Gordon 
McDonald, Ballinger Publishing Company, Cambridge, MA (1982). My colleagues 
and I also predicted far too much warming. The models don’t work. The most nat- 
ural reason for this is that they have assumed climate sensitivities that are much 
too large. Most of the models in the figure use climate sensitivities of 3 C to 3.5 
C. 


Basic Facts Of CO2 Fertilization Are 
Undisputed 

• Plants need COj for photosynthesis. Plant growth rates and drought 
resistance would benefit significantly from additional COj. 

• We can tell photosynthesis evolved during periods of much higher 
COj concentrations, because the great majority of photosynthetic 
organisms (e. g., plants, algae) use the protein rubisco, which 
functions best when COj concentrations are higher and Oj 
concentrations are lower than those today. 

• All trees, and many other plants, wheat, rice, soybeans, cotton, etc. 
are handicapped because, by historical standards, there currently is 
too little, not too much, CO^ in the atmosphere. 


Few realize that the world has been in a CO 2 famine for millions of years, a long 
time for us, but a passing moment in geological history. Over the past 550 million 
years since the Cambrian, when abundant fossils first appeared in the sedimentary 
record, CO 2 levels have averaged many thousands of parts per million (ppm) not to- 
day’s few hundred ppm [R. A. Berner and C. Kothavala, Geocarb: HI, a revised 
model of atmospheric CO 2 over the Phanerozoic time, American Journal of Science, 
301, 182 (2001). Pre-industrial levels of 280 ppm (parts per million), are not that 
far above the minimum level, around 150 ppm, when many plants die from CO star- 
vation [J. K. Dippery, D. T. Tissue, R. B. Thomas and B. R. Strain, Effects of low 
and elevated CO 2 levels on C3 and C4 annuals, Oecologia, 101, 13 (1995)]. 
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Thousands of peer reviewed studies show that almost all plants grow better (and 
land plants are more drought resistant) at atmospheric CO 2 that are two or three 
times larger than those today. 



This slide summarizes satellite measurements of vegetation changes over the 28- 
year period from 1982 to 2010. The authors of the study have tried to eliminate any 
influences rainfall changes or other confounding factors during the measurement pe- 
riod. The earth is really getting greener, and an important part of the reason is 
more atmospheric CO 2 . 


Since more CO2 is beneficial, current US policies to 
limit CO2 emissions are harmful. The United States 
needs a "Team B" to tell the whole story of CO2 

* There is only a “Team A." the Intergovernmental Panel on Climate Change (IPCC) that produces "science" 
that supports government policies to limit CO^ emissions. IPCC reports to the United Nations, not to the 
American people. Groupthink is inevitable in the IPCC. 

* The USA needs a “Team B," charged with producing an unbiased assessment of the effects, favorable as well 
as unfavorable, of more CO^ . A tew analogous situations are: 

* Team B assessment of the Soviet threat in 1976. 

* Los Alamos vs. Livermore Nuclear Weapons Laboratories. 

* National Defense Panel (NDP) versus Quadrennial Defense Review (QDR). 

* Senate vs. House (as envisaged by the framers of the US Constitution). 


For many decades the citizens of the USA and of much of the world have been 
flooded with the message that CO 2 is “carbon pollution.” We are supposed to trust 
our government and selfless NGO’s for instructions on how to save the planet. Much 
of the message is false, but its purveyors control key positions in the media, in the 
government, in scientific societies, in charitable foundations etc. This makes it dif- 
ficult to get out the truth that climate science is far from “settled.” To the extent 
it is settled, it indicates no cause for alarm or for extreme measures. Indeed, a dis- 
passionate analysis of the science indicates that more CO 2 will bring benefits, not 
harm to the world. 

The Congress could help by establishing a “Team B” to make a dispassionate re- 
view of climate science, with sponsorship by the Federal Government. 
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Team B must be sponsored by the US Government 

• Much of the US public has a touching faith in science sponsored by 
the US government. Any sponsor other than the government would 
expose Team B to charges of conflicts of interest. 

• Team B must report directly to the government, and not be managed 
by the scientific societies, NAS, AAAS, APS, ACS, etc. The leaderships 
of nearly all these organizations have uncritically endorsed the IPCC, 
to the disgust of much of their membership. 

• The Congress must be involved in the selection of the leadership of 
Team B to avoid co-option by the climate establishment. 


For credibility, it is essential that Team B be sponsored by the Federal Govern- 
ment. Otherwise there would be vigorous attempts to ignore any findings not consid- 
ered politically correct, because the team members would be said to be working di- 
rectly or indirectly for fossil fuel interests. 


Cahbon Dioxide Benefits the World: See for Yourself 


Preface 

This white paper summarizes the views of the CO2 Coalition, a new and inde- 
pendent, non-profit organization that seeks to engage thought leaders, policy mak- 
ers, and the public in an informed, dispassionate discussion of how our planet will 
be affected by CO2 released from the combustion of fossil fuel. Available scientific 
facts have persuaded Coalition members that additional CO2 will be a net benefit. 
Rather than immediately setting this document aside for promoting such a politi- 
cally incorrect view, readers would do well to act on the ancient motto of Britain’s 
prestigious Royal Society — nullius in verba, “don’t take anyone’s word for it,” or 
more simply, “see for yourself.” 

Claims that “97 percent of scientists” agree that a climate catastrophe is looming 
because of the emission of CO2 should be greeted with skepticism. Traditional 
science has advanced by comparing observations or experiments with theoretical 
predictions. If there is agreement with theory, confidence in the theory is increased. 
If there is disagreement, the theory is abandoned or it is modified and tested again 
against observations. 

Scientific truth has never been established by consensus, for example, by “97 per- 
cent agreement.” History reveals many instances when the scientific consensus of 
the day was later discredited. The widespread embrace and practice of eugenics in 
the early 1900 s; opposition to the theory of plate tectonics in geology; and the domi- 
nance of Lysenkoist biology in the Soviet bloc, are a few recent examples. Given the 
frequency of mistaken consensus, citizens ever3rwhere should heed the Royal Soci- 
ety’s motto and learn as much as they can about how increasing CO2 levels in the 
atmosphere will affect the planet. 

1. Overview 

Green plants grow faster with more CO2. Many also become more drought-resist- 
ant because higher CO2 levels allow plants to use water more efficiently. More 
abundant vegetation from increased CO2 is already apparent. Satellite images re- 
veal significant greening of the planet in recent decades, especially at desert mar- 
gins, where drought resistance is critical. This remarkable planetary greening is the 
result of a mere 30 percent increase of CO2 from its preindustrial levels. Still higher 
CO2 levels will bring still more benefits to agriculture. 

Plants use energy from sunlight to fuse a molecule of CO2 to a molecule of water, 
H2O, to form carbohydrates. One molecule of oxygen O2 is released to the air for 
each CO2 molecule removed. Biological machinery of plants reworks the carbo- 
hydrate polymers into proteins, oils and other molecules of life. Every living crea- 
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ture, from the blooming rose, to the newborn baby, is made of carbon from former 
atmospheric CO 2 molecules. Long-dead plants used CO 2 from ancient atmospheres 
to produce most of the fossil fuels, coal, oil, and natural gas that have transformed 
the life of most humans — moving from drudgery and near starvation before the in- 
dustrial revolution to the rising potential for abundance today. 

The fraction of the beneficial molecule CO 2 in the current atmosphere is tiny, 
about 0.04 percent by volume. This level is about 30 percent larger than pre-indus- 
trial levels in 1800. But today’s levels are still much smaller than the levels, 0.20 
percent or more, that prevailed over much of geological history. CO 2 levels during 
the past tens of millions of years have been much closer to starvation levels, 0.015 
percent, when many plants die, than to the much higher levels that most plants pre- 
fer. 

Basic physics implies that more atmospheric CO 2 will increase greenhouse warm- 
ing. However, atmospheric processes are so complicated that the amount of warming 
cannot be reliably predicted from first principles. Recent observations of the atmos- 
phere and oceans, together with geological history, point to very modest warming, 
about 1 C (1.8 F) if atmospheric CO 2 levels are doubled. 

Observations also show no significant change in extreme weather, tornadoes, hur- 
ricanes, floods, or droughts. Sea levels are rising at about the same rate as in cen- 
turies past. A few degrees of warming will have many benefits, longer growing sea- 
sons and less winter heating expenses. And this will be in addition to major benefits 
to agriculture. 

More CO 2 in the atmosphere is not an unprecedented experiment with an unpre- 
dictable outcome. The Earth has done the experiment many times in the geological 
past. Life flourished abundantly on land and in the oceans at much larger CO 2 lev- 
els than those today. Responsible use of fossil fuels, with cost-effective control of 
genuine pollutants like fly ash or oxides of sulfur and nitrogen, will be a major ben- 
efit for the world. 

2. Introduction 

Around the year 1861, John Tyndall, a prominent Irish physicist, discovered that 
water vapor (H 2 O), carbon dioxide (CO 2 ), and many other molecular gases that are 
transparent to visible light can absorb invisible heat radiation — such as that given 
off by a warm tea kettle, the human body, or the Earth itself. Tyndall recognized 
that water vapor is the dominant greenhouse gases in the Earth’s atmosphere, with 
CO 2 a less important contributor.^ 

Tyndall’s discovery came as the combustion of coal in the Industrial Revolution 
was beginning to release substantial amounts of CO 2 . These emissions have coin- 
cided with a steady increase of atmospheric CO 2 , from around 285 ppm (parts-per- 
million) in the 1860s to around 400 ppm today. 

Increased CO 2 levels have likely produced some warming of the Earth and will 
continue to do so in the future, although with ever decreasing efficiency because of 
the “logarithmic” dependence of warming on CO 2 concentrations, an important de- 
tail discussed more extensively below. At the same time, more CO 2 will have a 
hugely beneficial effect on agriculture, forests and plant growth in general. The ben- 
efits of more CO 2 will greatly exceed any harm.^ 

3. Key Findings 

Mainstream warming forecasts have been wrong. Over the past two decades, the 
global warming predicted by climate models has mostly failed to materialize. The 
real “equilibrium climate sensitivity” — the amount of global warming to be expected 
for a doubling of atmospheric CO 2 — is likely to be about three times smaller than 
what the models have assumed. Observational data suggest that doubling atmos- 
pheric CO 2 levels will increase the surface temperature by about 1 C, not the much 
larger values that were originally assumed in mainstream models. Using these 
much smaller, observationally based climate sensitivities, the projected warming 
from continued use of fossil fuels will be moderate and benign for the foreseeable 
future 

Negative effects of more CO 2 have been exaggerated. Readily available data from 
governmental and reliable non-governmental sources confirm that extreme weather 
events in recent years have not occurred more frequently or with greater intensity. 
Such data also refute claims of ecologically damaging ocean acidification, accel- 
erating sea-level rises, and disappearing global sea ice and other alleged dangers. 
If further observations confirm a small climate sensitivity, these realities will not 
change. 

Higher carbon-dioxide levels will be beneficial. CO 2 is an essential nutrient for 
land-based plants. The Earth’s biosphere has also experienced a relative CO 2 famine 
for many millennia — the recent increase in CO 2 levels has thus had a measurable. 
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positive effect on plant life. Future CO 2 increases will boost agricultural productivity 
and improve drought resistance, thereby bolstering food security and contributing 
to a greener, lusher planet. 

4. Global Warming: The Neglected Facts 

Most research that tries to project future climate has focused on developing and 
applying complex computer models that attempt to simulate the Earth’s climate sys- 
tem. These models have sought to explain past climate and have been used to cal- 
culate various future global and regional climate scenarios. These future climate 
scenarios have, in turn, prompted policy proposals that would reduce future emis- 
sions — thereby, according to the models, limiting future global warming, though ad- 
mittedly at the cost of reducing future global economic development. 

This emphasis on computer model forecasts has been very costly, with many tens 
of billions of dollars invested but has failed to accurately predict the Earth’s climate: 
the United Nations Intergovernmental Panel on Climate Change’s (IPCC) estimates 
of the critical parameter, the equilibrium climate sensitivity, for example, have not 
become more precise over the past 25 years. Figure 1 summarizes the IPCC’s find- 
ings, as documented in its five comprehensive research reports released over more 
than three decades, as well as the findings of two major pre-IPPC research reports. 
Since scientific research is generally aimed at reducing uncertainty, the lack of 
progress over more than three decades is extremely unusual. 

Figure 1. Key Findings, IPCC and Pre-IPCC Climate Reports’” 
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* In Figure 1, the far-right column lists successive estimates of the range of the equilibrium 
climate sensitivity (the “doubling sensitivity,” in IPCC reports and two pre-IPCC reports). Ex- 
tensive research over time nearly always reduces uncertainty; so this lack of progress is rare. 

Source: American Physical Society Climate Change Statement Review framing document 
(2015), http:! i www.aps.org/poUcy/statements/upload/climate-review-framing.pdf 

In science, observational data are the ultimate test of theory and modeling. Cli- 
mate data show significant divergence between computer predictions and the 
Earth’s actual climate record. Figure 2 shows average global temperature changes 
during 1995-2015, as provided by NASA satellite data: despite a 13 percent increase 
in atmospheric CO 2 levels during this period, there is no statistically discernible 
warming trend.^ The climate record is thus at odds with the IPCC’s Third (2001) 
and Fourth (2007) Assessment Reports’ forecasts.’” During this 20-year period, the 
Earth’s atmosphere warmed by only 0.05 C;® but computer models predicted a far 
more dramatic 0.4 C rise in global temperature.® 
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Figure 2. Global Temperature Change as Measured by Satellite, 1995-2015* 



*NASA satellite data for the temperature of the Earth’s lower troposphere for the 20-year pe- 
riod 1995—2014. Monthly global temperature is shown relative to the 1981—2010 base-period av- 
erage. Despite month-to-month fluctuations, there has been little — or zero — global warming dur- 
ing this period. 

Source: Roy W. Spencer, Earth Systems Science Center, University of Alabama at Huntsville. 

Figure 3 compares various climate forecasts — specifically, 102 computer climate 
models used by the IPCC — with the actual change in average tropical atmospheric 
temperature during 1979-2013, as measured by balloon and satellite. Why focus on 
tropical atmospheric temperature? Because the Earth’s tropical surface and tropo- 
sphere, the lowest layer of the atmosphere, receive a major portion of the planet’s 
incoming solar energy. The rising warm, humid air from the oceans and rain-forests 
that cover much of the tropics should lead to especially large warming of the middle 
troposphere. As Figure 3 demonstrates, actual temperature changes differ dramati- 
cally from those predicted by models: the average computer model forecast warming 
of a full 1 C for the period 1979-2013; in reality, only 0.2 C (at most) has heen ob- 
served. 

Figure 3. Average Change in Tropical Atmospheric Temperature, Forecasts 
V. Actual, 1979-2013* 



*As measured by satellite and balloon, from the Earth’s surface to an altitude of 50,000 feet. 
Forecasts extend to 2024. 

Source: https:! ! science.house.gov j sites i republicans.science.house.gov j files i documents ! HHRG- 
113-SY18-WState-JChristy-20131211.pdf 
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Figure 4 shows CO 2 concentration measured at Hawaii’s Mauna Loa: the long- 
term rise in CO 2 has seasonal oscillations caused mostly hy removal of CO 2 from 
the air of the northern hemisphere hy growing land plants during the summer; and 
hy release of CO 2 during the winter, when respiration of CO 2 hy the biosphere ex- 
ceeds its removal hy photosynthesis. 

Figure 4. Atmospheric Concentration of CO 2 , 2011-15* 



* Annual CO 2 oscillations represent seasonal variations in the biosphere. The annual growth 
rate (black line) averages about 2 ppm annually. Annual growth, according to the IPCC, ac- 
counts for only about half of CO 2 emissions from human activities; the other half is naturally 
absorbed by oceans and land. 

Source: National Oceanic and Atmospheric Administration 

The failure of computer models to reliably predict future temperatures has created 
a growing awareness that such models are fundamentally flawed — and have greatly 
exaggerated past and future anthropogenic (man-made) global warming.'^ Indeed, 
there is good reason to believe that any future anthropogenic warming will be far 
smaller than projected by the IPCC’s models. The best available evidence suggests 
that the equilibrium doubling sensitivity, the final warming of the surface in re- 
sponse to doubling atmospheric CO 2 , is closer to 1 C than to the “most likely” 3 C 
of mainstream climate models. 

The best available evidence also suggests that — despite two periods of 20th cen- 
tury warming, as well as a steady increase in atmospheric CO 2 — the frequency of 
extreme weather events has not risen. And the rise in sea levels has been modest. 
“Ocean acidification,” a slight decrease of the alkalinity of the oceans by a few 
tenths of a pH unit, will be much less than variations of pH with location, depth 
and time in today’s oceans. Such facts do not support widespread predictions of im- 
minent planetary catastrophe from rising CO 2 levels. Numerous studies suggest 
that a modestly warmer Earth with more atmospheric CO 2 will be good for all living 
things.® 

4. Benefits of More Carbon Dioxide 

Pure CO 2 gas is chemically inert, transparent, colorless, and odorless. On a cold 
winter day, chilled air often condenses the water vapor of human breath — of which 
4 to 5 percent is CO 2 — into visible fog. Such fog, however, is not CO 2 . Similarly, 
water vapor often condenses into clouds of steam over fossil-fuel power plants, cre- 
ating the impression of smoke. Such steam clouds are not CO 2 , either. 

Of every million air molecules in today’s atmosphere, 400 are CO 2 . This average 
masks wide variation. For example, without strong ventilation, CO 2 levels in crowd- 
ed indoor spaces, such as classrooms, courtrooms, and trains, commonly reach 2,000 
ppm — with no clinically documented ill effects to people. The U.S Navy strives to 
keep CO 2 levels in its submarines below 5,000 ppm.® 

On a calm summer day, CO 2 concentrations in a cornfield can drop to 200 ppm, 
as the growing corn consumes the available C02.^® At a concentration of about 150 
ppm or less, many plants die of CO 2 starvation.!^ The differences between the peak 
winter CO 2 levels and minimum summer CO 2 levels, measured at Hawaii’s Mauna 
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Loa volcano (Fig. 4), have increased over the past 50 years. This is believed to be 
due a global expansion of forests and other plant life. 

That Earth has experienced a CO 2 “famine” for millions of years is also not widely 
known. As illustrated in Figure 5, in the 550 million years since the Cambrian pe- 
riod — when abundant fossils first appeared in the sedimentary record — CO 2 levels 
have averaged many thousands of ppm, that is, much larger than the CO 2 level of 
400 ppm today. 

Figure 5. CO 2 Levels on Earth: A Long View* 



Time (millions of years before present) 

* CO 2 estimates during the Earth’s Phanerozoic era are derived from fossil records in sedi- 
mentary rocks. A typical Phanerozoic CO 2 level is about 1,500 ppm, considerably higher than 
today’s 400 ppm. 

Source: Berner and Kothavala 

All animals, including humans, owe their existence to green plants that use en- 
ergy from sunlight to convert CO 2 and water molecules into carbohydrates, releasing 
oxygen into the atmosphere in the process. Land plants get the carbon they need 
from CO 2 in the air, and they obtain other essential nutrients from the soil. Just 
as plants grow better in fertilized, well-watered soils, they grow better with CO 2 
concentrations several times higher than the Earth’s current level. For this rea- 
son, additional CO 2 is often pumped into greenhouses to enhance plant growth. 

Figure 6 illustrates the effect of various levels of CO 2 on the growth of sour or- 
ange trees. Because the growth rate of plants is proportional, on average, to the 
square root of CO 2 concentration, doubling atmospheric CO 2 will increase green 
plant growth by 40 percent — a boon for crop productivity and, thus, for global food 
security. 
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Figure 6. COi’s Effect on Growth of Sour Orange Trees* 
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* Measured dry weight of above-ground biomass produced by sour orange trees between speci- 
fied sequential coppicing dates; and mean atmospheric CO2 concentration. Figure 6 is a particu- 
larly dramatic example of the CO2 fertilization effect. 

Source: Idso and Rimbal 

COi’s nutritional value is only part of its benefit for plants. No less important is 
COa’s contribution to making plants more drought-resistant: plant leaves are per- 
forated by stomata, surface holes that allow CO 2 to diffuse from the atmosphere into 
the leafs interior, where they are photosynthesized into carbohydrates. Depending 
on the relative humidity of the outside air, as many as 100 H 2 O molecules can dif- 
fuse out of the leaf for each CO 2 molecule that diffuses in. This is why most land 
plants need at least 100 grams of water to produce one gram of carbohydrate. 

The 30 percent increase in atmospheric CO 2 during the 20th century boosted crop 
productivity by around 15 percent. Continued improvements in crop variety, fer- 
tilizer, and water management — coupled with higher CO 2 levels — will strengthen 
food security in large parts of Africa and Asia where hunger remains widespread. 

Figure 7 shows how the Earth is getting greener. The study from which the image 
is drawn analyzed plant growth at desert margins and other semi-arid areas and 
found an 11 percent net growth in foliage ground cover during 1982-2006 — growth 
attributed to improved water-use efficiency arising from higher atmospheric CO 2 
levels.!® The study’s authors conclude: “Our results con&filig;rm that the antici- 
pated CO 2 fertilization effect is occurring alongside ongoing anthropogenic perturba- 
tions to the carbon cycle and that the fertilization effect is now a signi&filig;cant 
land surface process.” As CO 2 levels continue to rise, the Earth will grow greener 
and agricultural yields will continue to increase, with additional contributions from 
better varieties, improved cropping practices, more efficient use of fertilizer, and 
other factors. 
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Figure 7. Greening of the Earth, 1982-2006* 



* Percentage change in foliage cover as revealed by satellite. 

Source: Donohue et al 

5. The Developing World 

Developing nations in Asia, Africa, and Latin America will need enormous in- 
creases in low-cost energy to power their economic development and lift their citi- 
zens out of poverty. Fossil fuels — notably coal, natural gas, and oil — which currently 
supply more than 80 percent of the world’s energy, will remain indispensable. As 
countries grow more affluent, they will also acquire greater means to reduce pollu- 
tion. Indeed, it is precisely the wealth unleashed by industrialization that enables 
societies to invest in modern technologies and other practices that clean up the envi- 
ronment. 

Further, the best available evidence suggests that current levels — and forseeable 
future increases — of carbon dioxide are not only harmless, but are indeed beneficial 
to plants and humans. Quixotic policies to supposedly limit global warming, by mak- 
ing fossil fuels prohibitively expensive, would condemn much of humanity to wretch- 
ed conditions unimaginable in developed nations 

6. Initial Members of the CO 2 Coalition 

BELL, Larry: Launched the research and education program in space architecture 
at the University of Houston and author of Climate of Corruption: Politics and 
Power Behind the Global Warming Hoax. 

COHEN, Roger, PhD in physics, Rutgers University, Fellow of the American 
Physical Society. Former Senior Scientist ExxonMobil 

EVERETT, Bruce, Faculty Tufts University’s Fletcher School, over forty years of 
experience in the international energy industry. 

HAPPER, William is Cyrus Fogg Brackett Professor of Physics (emeritus) at 
Princeton University, former Director of the Office of Energy Research Director of 
Research, U.S. Department of Energy, Member National Academy of Sciences. 

HARTNETT- WHITE, Kathleen: Distinguished Senior Fellow in Residence and 
the Director of the Armstrong Center for Energy and the Environment (CEE) at the 
Texas Public Policy Foundation. 

IDSO, Craig: Founder and Chairman of the Center for the Study of Carbon Diox- 
ide and Global Change, Member of the American Association for the Advancement 
of Science, American Geophysical Union, and the American Meteorological Society. 

LINDZEN, Richard: emeritus, Alfred P. Sloan Professor of Meteorology, Member 
of National Academy of Sciences, author of numerous papers on climate and meteor- 
ology. 

MICHAELS, Pat: director of the Center for the Study of Science at the Cato Insti- 
tute, a past president of the American Association of State Climatologists, former 
Virginia state climatologist, program chair Committee on Applied Climatology of the 
American Meteorological Society. 
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MILLS, Mark: senior fellow Manhattan Institute, CE?0 Digital Power Group, a 
tech-centric capital advisory group. He is also a Faculty Fellow McCormick School 
of Engineering and Applied Science at Northwestern University. 

MOORE, Patrick: Co-founder, Chair, and Chief Scientist of Greenspirit Strategies, 
a Vancouver-based consulting firm on environmental and sustainability issues, 
founding member of Greenpeace (nine years as president of Greenpeace Canada and 
seven years as a director of Greenpeace International). 

NICHOLS, Rodney: former President and Chief Executive Officer of the New York 
Academy of Sciences; Scholar-in-Residence at the Carnegie Corporation of New 
York, Executive Vice President of The Rockefeller University, R&D manager Office 
of the Secretary of Defense. 

O’KEEFE, William: Chief Executive Officer of the George C. Marshall Institute; 
founder of Solutions; Executive Vice President and Chief Operating Officer Amer- 
ican Petroleum Institute, Chief Administrative Officer of the Center for Naval Anal- 
yses. 

ROGERS, Norman: founder of Rabbit Semiconductor Company, Policy Advisor to 
The Heartland Institute and a member of the American Geophysical Union and the 
American Meteorological Society. 

SCHMITT, Harrison: PhD in Geology from Harvard University, Astronaut and 
last man to walk the moon (Apollo 17), Adjunct Professor of Physics at the Univer- 
sity of Wisconsin-Madison, and former tj.S. Senator from New Mexico. 

SPENCER, Roy: Climatologist, Principal Research Scientist at the University of 
Alabama in Huntsville; served as Senior Scientist for Climate Studies at NASA’s 
Marshall Space Flight Center; Co-Developer of satellite temperature measurement 
system. 

STEWARD, Leighton: Geologist; Environmentalist; Author; Chairman of Plants 
Need CO 2 .org; Chairman of the Board of The Institute for the Study of Earth and 
Man at SMU, past Chairman of the National Wetlands Coalition, twice Chairman 
of the Audubon Nature Institute. 

YAPPS-COHEN, Lorraine: M.S. in chemistry and an M.B.A. in marketing, former 
communications & marketing manager ExxonMobil, columnist for the Examiner 
newspapers. 
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Senator Cruz. Thank you, Dr. Happer, for being here. 

And I will say the one thing on which I think we can all agree 
is that no Members of Congress will be made saints at any time 
in the foreseeable future. 

[Laughter.] 

Senator Cruz. And Mr. Steyn? 

STATEMENT OF MARK STEYN, 
INTERNATIONAL BESTSELLING AUTHOR 

Mr. Steyn. Thank you. Thank you, Senator Cruz. 

I am not a scientist. I am an author, and I am also one of the 
7 billion people on this planet that the governments assembled in 
Paris currently are presuming to determine the future of. So I have 
an interest in that as much as anybody else. 

I have listened to the examples that Senator Peters and Senator 
Nelson gave of toxic infestation in Michigan water and tidal flood- 
ing in the streets of Miami Beach. Nothing agreed at Paris is going 
to do anything for that. 

If you expect the agreement at Paris to end the tidal flooding in 
Miami Beach, you are going to be waiting a long time. So if you 
want to do something about the tidal flooding in Miami Beach, the 
Mayor of Miami Beach and the Governor of Florida are the guys 
who should get together and do it. 

This body is called the Subcommittee, I believe — the full name — 
on Science, Space, and Competitiveness. And the most important 
competitiveness in any healthy society is competitiveness in ideas. 
That is how ideas are tested, and that is how good ideas win out 
over bad. And only a very weak idea demands that it must be pro- 
tected from any criticism. 

Professor Ivar Giaever, the Nobel Prize winner — by the way, 
when I say he is a Nobel Prize winner, I mean he is a real one. 
He won the Nobel Prize in physics in 1973. Not a fraudulent Nobel 
Prize winner like, unfortunately, large members of Rear Admiral 
Titley’s faculty — Michael Mann, Richard Alley, William 
Easterling — all of whom have falsely claimed to be Nobel Prize 
winners on an industrial scale, as have many other climate sci- 
entists. 

There has never been a misrepresentation of credentials on this 
scale. It used to be a very serious business. But apparently, it is 
not when your cause is “saving the planet.” But it is a revealing — 
it is this misrepresentation of credentials by people falsely claiming 
to be Nobel laureates is revealing. It gets to the heart of the prob- 
lem here that they are attempting to cloak the science in an au- 
thority that it does not, in fact, possess. 

At any rate. Professor Giaever compared the global warming or- 
thodoxy to a hypothesis that you are not allowed to question. And 
it has gone beyond that in recent years. It is not only that you are 
not allowed to falsify the hypothesis, that the hypothesis is not, in 
fact, falsifiable, but that if you do, you suffer very serious con- 
sequences. 

Professor Christy and Professor Curry are very brave individ- 
uals, and they were very mild in their remarks about what Con- 
gressman Grijalva did when he sent out a disgraceful letter that 
no citizen representative in a parliament of a free society should 
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be sending out to free individuals, demanding things like hotel ex- 
penses and e-mail communication going back a decade. It was an 
absolutely disgraceful letter, and it represents the next stage of big 
climate enforcement. 

Your colleague Senator Whitehouse has called for the RICO laws, 
laws about racketeering, to be used against those who disagree 
with him on climate science. When you need that, you are not — 
you are not dealing with science. You are effectively enforcing a 
state ideology. 

The Attorney General of New York is currently using securities 
law to do an end run around the First Amendment to chastise en- 
emies of his who do not agree with him on the climate science. 
This — to take a milder example. Rear Admiral Titley has said that 
it is time — when it comes to global warming, it is time for the poli- 
ticking to stop. 

Well, when you are calling for the politicking to stop, that is 
itself politicking, such as the Democrats on this committee who ap- 
peared at a press conference a couple of hours ago under a sign 
saying, “The debate is ended.” I learned from Canada in the battle 
I fought over free speech that Senator Cruz mentioned, I learned 
to always listen very carefully when someone is telling you to shut 
up. 

And although Rear Admiral Titley and the Democrat Senators 
are doing it far more politely than Senator Whitehouse and Con- 
gressman Grijalva and the Attorney General of New York, what 
9iey are telling you is that this idea is so weak, it cannot be sub- 
jected to the normal vigorous debate of free society. 

So I thank this subcommittee for allowing at least to recognize 
that there is a divergence of opinion. The science is not settled, and 
the climate system of this planet is too complex for the slogans of 
cartoon climatology we are currently seeing in Paris. 

Thank you very much. 

[The prepared statement of Mr. Steyn follows:] 

Prepared Statement of Mark Steyn, Author 

My name is Mark Steyn. I am not a scientist. I am an author. My main interest 
in climate science is that Michael E Mann, the inventor of one of its most notorious 
artifacts, is suing me for “defamation of a Nohel Prize winner” — a crime that I was 
not aware existed, especially in his case, as according to the Nohel Institute he is 
not a Nohel Prize winner. So I recently edited a hook about it called “A Disgrace 
to the Profession”: The World’s Scientists — in Their Own Words — On Michael E 
Mann, His Hockey Stick, and Their Damage to Science, Volume One — which I’m 
proud to say was Number One on the Climatology Hit Parade. I have been Number 
Four on the Amazon books chart, and Number Seven on the Amazon easy-listening 
chart, and earlier this very month the Number One Amazon jazz vocalist, but I had 
no idea there was also a climatological bestseller list. Still, I’m happy my book was 
credible enough to get to the top of it. 

That said, at a hearing on “Data or Dogma?”, given the distinguished scientists 
here to address the data, I thought I should confine myself mostly to the dogma. 

The Climate of Fear 

In the three years that I have been ensnared in the dysfunctional court system 
of the District of Columbia, I have come to know well what I call the “climate of 
fear” within climate science. Professors Christy, Curry and Happer are sufficiently 
eminent that they can, just about, bear the assault the Big Climate enforcers mount 
on those who dissent from the dogma — although that assault is fierce and unrelent- 
ing. If you’re a professor emeritus, you’re told you’re senile. If you’re one of the few 
women in this very male field, you’re told you’re whoring for Big Oil: The aforemen- 
tioned Michael Mann of Penn State, who is too cowardly to be here today and has 
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instead sent his proxy, approvingly linked to an Internet post accusing Dr Curry 
of sleeping with me. This is how a supposedly distinguished climate scientist treats 
those who disagree with him. On May 13th last year I wrote: 

It’s always fun in a legal battle to have something bigger at stake than a mere 
victory. In Canada, we put the ‘human rights’ system itself on trial, to the point 
where the disgusting and indefensible ‘hate speech’ law Section 13 was eventually 
repealed by Parliament. It seems to me that in this particular case the bigger issue 
is the climate of fear that Mann and his fellow ayatollahs of alarmism have suc- 
ceeded in imposing on an important scientific field. ^ 

The very next day the distinguished 79-year-old Swedish climatologist Lennart 
Bengtsson was forced to resign from a dissident climate group after the Big Climate 
enforcers took the hockey stick to him in the back alley. He had agreed to partici- 
pate in a group headed by Nigel Lawson. Some of you may know Lord Lawson per- 
sonally. He was Chancellor of the Exchequer in Mrs Thatcher’s ministry in the 
United Kingdom. He’s nobody’s idea of a fringe madman: He’s a member of the 
House of Lords, a Privy Counselor; his daughter is a popular celebrity chef on Amer- 
ica’s Food Network; his fellow trustees include a bishop of the Church of England, 
a former private secretary to the Queen, and an advisor to two Prime Ministers 
from the Labour Party. But they disagree with the tight little coterie of climate 
alarmists, and so Lennart Bengtsson could not be permitted to meet with them. As 
Professor Bengtsson wrote: 

I have been put under such an enormous group pressure in reeent days from all 
over the world that has become virtually unbearable to me. If this is going to 
eontinue I will be unable to conduct my normal work and will even start to 
worry about my health and safety. I see therefore no other way out therefore than 
resigning from GWPF. I had not expeeting sueh an enormous world-wide pres- 
sure put at me from a community that I have been close to all my active life. 
Colleagues are withdrawing their support, other colleagues are withdrawing 
from joint authorship etc. I see no limit and end to what will happen. It is a 
situation that reminds me about the time of MeCarthy. I would never have ex- 
peeting anything similar in such an original peaceful eommunity as meteorology. 
Apparently it has been transformed in recent years. ^ 

Because it’s no longer about “meteorology”, it’s about saving the planet. Bengtsson 
was a former director of the Max Planck Institute of Meteorology, winner of the 
Descartes Prize and a WMO prize for groundbreaking research, and even a friend 
and collaborator of Mann’s at scientific conferences. But he made the mistake of, 
ah, seeking to expand his circle of climate acquaintances, and so Michael Mann now 
sneeringly dismisses him as “junk science.”^ Nate Silver is the hipster statistician 
who correctly predicted the 2012 election and then set up his own “538” website 
dedicated to “data journalism” — just the data, the facts, the numbers, the analysis 
. . . But, when Mr Silver made the mistake of hiring Professor Roger Pielke Jr, 
then Michael Mann and Kevin Trenberth were obliged to explain to him that these 
considerations do not apply to climate science.^' So Nate Silver fired Professor 
Pielke — who has now withdrawn from all climate research. When Professor Willie 
Soon co-authored a paper earlier this year on why the turn-of-the-century climate 
models all turned out wrong, the Big Climate heavies did not attempt to refute the 
paper, but instead embarked on a campaign to get him fired from the Harvard- 
Smithsonian Center for Astrophysics. 

For every Judith Curry or Willie Soon or Lennart Bengtsson, there are a thou- 
sand lesser names who see what happens to even the most distinguished people in 
their field and decide to keep their heads down. Professor Ivar Gievar recently spoke 
out against, among other things, the recent adjustment of figures by NASA — an 
agency overseen by this sub-committee — at the annual meeting of Nobel Laureates 
in Lindau. Professor Gievar is a Nobel Laureate. A real Nobel Laureate, I mean, 
not a fake one like Michael Mann, Kevin Trenberth and many other climate sci- 
entists who falsely claim to be Nobel Prize winners on the grounds that the IPCC 
was awarded the Nobel Peace Prize in 2007, and they once contributed to an IPCC 
report. Mann falsely claimed to be a Nobel Prize winner on his book jacket, on his 
website, in his court complaint about me — even though the Nobel Institute told him 
he wasn’t a Nobel Prize winner and he should cut it out. But this serial misrepre- 
sentation of credentials by Mann, Trenberth and others is also part of their intimi- 
dation technique. If you’re a real Nobel Laureate like Ivar Giaever, who won the 


^http:! / www.steytwnline.com 1 6333 1 michael-e-mann-Uar-cheat-falsifier-and-fraud 
^http:! ! kUmazwiehel.blogspot.com.au 1 2014 1 05 ! lennart-bengtsson-leaves-advisory-board.html 
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1973 Nobel Prize in Physics, or if you’re older, tenured and sufficiently eminent, you 
can just about withstand the Big Climate enforcers jumping you in the parking lot 
and taking the hockey stick to you. 

But, if you’re a younger scientist, you know that, if you cross Mann and the other 
climate mullahs, there goes tenure, there goes funding, there goes your career. I’ve 
been stunned to learn of the very real fear of retribution that pervades the climate 
world. 

When I look at what has happened to those who speak out, I recall the wise words 
of Stephen McIntyre: 

As a general point, it seems to me that, if climate ehange is as serious a problem 
as the climate ‘community’ believes, then it will require large measures that need 
broadly based eommitment from all walks of our society.^ 

Mr McIntyre is exactly right: If we take Big Climate at their word that the entire 
global economy needs massive re-orientation on a scale never before contemplated, 
it will require the largest societal consensus — left and right and center, in America, 
in Canada, in Britain, in Europe . . . Yet all Big Climate does is retreat ever deeper 
into its shrinking echo chamber and compile ever longer lists of people who are be- 
yond the pale — Professor Curry, Professor Christy, Professor Bengtsson, Professor 
Pielke, Professor Soon, Lord Lawson, the Bishop of Chester, the winner of the 1973 
Nobel Prize in Physics, the winner of the 1998 Nobel Prize in Physics. . .It might 
be quicker for Mann, Trenberth, Gavin Schmidt and the other climate enforcers to 
make a short list of those to whom they are prepared to grant a say in the future 
of the planet. 

In shoring up this cartoon climatology, the alarmism industry is now calling on 
courts and legislatures to torment their opponents. I shall outline my own particular 
experience, and then the general climate. 

Mann vs Steyn et al 

On July 12, 2012, former FBI Director and special investigative counsel Louis 
Freeh issued a devastating report regarding the behavior of Pennsylvania State 
University and its most senior figures, as they ignored, abetted and covered up the 
systemic and brutal child sexual abuse conducted by Gerald A Sandusky, lon^ime 
football coach at the university. 

The following day Rand Simberg posted an article on the Competitive Enterprise 
Institute’s website entitled “The Other Scandal in Happy Valley”, which suggested 
that, in light of the revelations regarding the “rotten and corrupt culture” at Penn 
State under the presidency of Graham Spanier, it might be worth revisiting the 
other sham “investigation” on Spanier’s watch — of Dr Michael E Mann, creator of 
the famous global-warming “hockey stick”. 

The very same day The Chronicle of Higher Education also tied together the sham 
Sandusky and Mann investigations in a piece titled “Culture of Evasion.”® As you 
know, after the Freeh Report was published, criminal charges were filed against 
Penn State President Graham Spanier and other senior administrators. Spanier is 
currently under indictment for grand-jury peijury, obstruction of justice, child 
endangerment, conspiracy and failure to report child abuse. 

Two days later, I wrote a 270-word blog post for the opinion page of National Re- 
view Online ^ referencing the Freeh Report and Mr Simberg’s piece. That post ap- 
pears below in its entirety: 

In the wake of Louis Freeh’s report on Penn State’s complicity in serial rape, 
Rand Simberg writes of Unhappy Valley’s other scandal: 

‘I’m referring to another cover up and whitewash that oecurred there two years 
ago, before we learned how rotten and corrupt the eulture at the university was. 
But now that we know how bad it was, perhaps it’s time that we revisit the Mi- 
ehael Mann affair, particularly given how much we’ve also learned about his 
and others’ hockey-stick deceptions since. Mann could be said to be the Jerry 
Sandusky of climate science, except that instead of molesting children, he has 
molested and tortured data in the service of politicized science that could have 
dire economic consequences for the Nation and planet.’ 

Not sure I’d have extended that metaphor all the way into the locker-room show- 
ers with quite the zeal Mr Simberg does, but he has a point. Michael Mann was 
the man behind the fraudulent climate-change ‘hockey-stick’ graph, the very ring- 
master of the tree-ring circus. And, when the East Anglia e-mails came out, Penn 


^http:! I climateaudit.org ! 2014 j05j 14 1 the-cleansing-of-lennart-bengtsson 
^httpit ! chronicle.com I blogs ! innovations ! a-culture-of -evasion ! 33485 
http:! / www.nationalreview.com I corner 1 309442 / football-and-hockey-mark-steyn 
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State felt obliged to “investigate” Professor Mann. Graham Spanier, the Penn 
State president forced to resign over Sandusky, was the same cove who inves- 
tigated Mann. And, as with Sandusky and Paterno, the college declined to find 
one of its star names guilty of any wrongdoing. If an institution is prepared to 
cover up systemic statutory rape of minors, what won’t it cover up^ 'Whether or 
not he’s ‘the Jerry Sandusky of climate change’, he remains the Michael Mann 
of climate change, in part because his ‘investigation’ by a deeply corrupt admin- 
istration was a joke. 

I asked what I thought was quite an obvous question: If an institution is prepared 
to cover up the systemic ongoing rape of minors, what won’t it cover up? 

It’s a legitimate question for an institution that receives teixpayer funding, a cer- 
tain portion of which falls under the oversight of this committee. Penn State has 
a representative here today, and perhaps he will address some of these questions 
about his institution and its integrity. 

Graham Spanier, the now disgraced president of Penn State who presided over 
the joke investigations of both Sandusky and Mann, remains the President Emer- 
itus of Penn State, and a professor of family studies. His absolution of Michael 
Mann was widely regarded at the time as a total joke even by many who are by 
no means “climate deniers” — for example, the venerable American institution The 
Atlantic Monthly: 

The Penn State inquiry exonerating Michael Mann — the paleoclimatologist who 
came up with ‘the hockey stick’ — would be difficult to parody.^ 

Professor Harold Lewis, one of the most distinguished members of the American 
Physical Society, resigned from the organization over the whitewashing of Mann, 
writing: 

When Penn State absolved Mike Mann of wrongdoing, and the University of 
East Anglia did the same for Phil Jones, they cannot have been unaware of the 
financial penalty for doing otherwise.^ 

In other words, Spanier’s depraved regime at Penn State turned a blind eye to 
Mann for the same reason it turned a blind eye to the Sandusky rape epidemic: they 
couldn’t afford to take the financial hit. 

In this case, unlike football revenue, the money comes in large part from tax- 
payers, via you and the agencies you preside over — such as the National Science 
Foundation. Given Penn State’s refusal to disclose materials relating to the Mann 
investigation under the corrupt Spanier regime, it would be appropriate for you to 
put a hold on all NSF funding of Penn State, including Mann’s two current grants 
totaling half a million dollars. And I hope this sub-committee will ask the witness 
here today representing this deeply corrupt institution whether he will join in a call 
for Spanier’s successor to let the sunlight in on all the dank, fetid corners of 
Spanier’s legacy. 

Dr Mann did not want the world to be reminded that the same man who turned 
a blind eye to Sandusky also turned a blind eye to him. He filed suit against me 
and three other parties in the Superior Court of the District of Columbia, where nei- 
ther Mann nor I work or reside. Indeed, I never set foot in this benighted jurisdic- 
tion except to come here for matters arising from the court case, such as this hear- 
ing. The case was assigned to Natalia Combs Greene, a since reprimanded landlord- 
and-tenant judge appointed by President Clinton and confirmed by this honorable 
Senate. After a botched ruling in which she confused the parties, she said the case 
was “complicated” and shuffled it off on a colleague, but not before procedurally 
mangling it so that, for a while, two different trial judges were ruling on the case 
simultaneously — something that’s a big no-no in functioning jurisdictions, but which 
was partly caused here by Michael Mann falsely claiming in his complaint to be a 
Nobel Laureate and then, after the Nobel Institute told him he wasn’t, having to 
file an amended complaint. 

At this point, my fellow defendants chose to test the DC Anti-SLAPP statute, 
which was assented to by this U.S. Senate in 2010, but was so poorly written as 
to leave unanswered such basic questions as the standard for dismissal and whether 
or not that decision is immediately appealable to the DC Court of Appeals. The 
ACLU, The Washington Post, NBC News, The Los Angeles Times, and various other 
media bigfeet all filed amici briefs opposed to Mann — not because they disagree with 


® http:! ! www.theatlantic.com I politics j archive j 2010 1 07 / climategate-and-the-hig-green-lie / 
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him on global warming (most of them are as hot for climate change as he is) but 
because they understand that putting climate science beyond criticism and into the 
courtroom would inflict the greatest damage on the First Amendment in over 50 
years. Not a single amicus brief was filed on Dr Mann’s behalf. 

Oral arguments were heard over one year ago, yet judges Vanessa Ruiz, Corinne 
Beckwith and Catharine Easterly, all confirmed to the DC court by this Senate, 
have failed to rule. I note that, in writing to President Obama recommending a sec- 
ond 15-year term for Judge Ruiz, the Commission on Judicial Disabilities and Ten- 
ure nevertheless observed: 

The Commission would be remiss if it did not address the serious issue of Judge 
Ruiz’s backlog of opinions ... Of crucial importance to the proper functioning 
of the Court of Appeals is the timely resolution of disputes. The public’s con- 
fidence in the Court is eroded when litigants must wait multiple years for deci- 
sions to be rendered. The Commission believes that this problem is not only 
about the pace of opinion production, but also about a less than fully adequate 
appreciation on the part of Judge Ruiz as to how her backlog adversely affects 
the litigants, the Court, and her colleagues. 

As a result, an interlocutory appeal has dragged on for almost two years. Judge 
Ruiz is an activist judge who is, inter alia, a trustee of the Carnegie Endowment 
for International Peace, which aspires to be the first global think-tank and is very 
active on the transnational climate scene. All very fascinating. But she’s supposed 
to be a DC judge first and a condition of the Commission in exchange for recom- 
mending her for a second term was that her obligation to clear her appalling back- 
log of cases took precedence over her “outside activities, no matter how worthy they 
may be”. A dissenting member of the Commission, Noel J Francisco, was shrewder 
about Judge Ruiz’s failings: 

It should go without saying that an appellate judge’s primary duty — if not her 
sole duty — is to decide cases. On this score, as my colleagues have described. 
Judge Ruiz’s backlog is ‘the highest by far of any of the appellate judges on the 
DC Court of Appeals’ and, as a result, litigants often ‘must wait multiple years 
for decisions to be rendered’ by her ... As the old adage goes, ‘justice delayed 
is justice denied’. 

The purpose of anti-SLAPP laws is to prevent the use of litigation to chill free 
speech — on climate change and many other issues. When it takes up to three years 
to get a ruling (as it apparently does with Judge Ruiz), there is no point to anti- 
SLAPP legislation. Indeed, when it takes three years to get a ruling, the case is not 
the issue, the judge is. When it takes three years from oral arguments to ruling, 
it may be that the judge is just an incompetent sloth who’s spending far too much 
time with the Carnegie Endowment working on world peace. Or it may be that a 
sclerotic and incompetent DC court system has three-year backlogs because it ac- 
cepts cases from venue tourists like Michael Mann who have no connection whatso- 
ever with this jurisdiction — and, as a result, the court system is incapable of serving 
the people it’s meant to serve. 

Nevertheless, this Senate confirmed Judge Ruiz. Under the Home Rule Act, the 
District of Columbia operates in a constitutional no-man’s-land whereby it enacts 
legislation for which this honorable body is ultimately responsible. In practice, that 
means they pass slapdash, poorly drafted laws, and you guys rubber-stamp them. 
The constitutional limbo allows serial plaintiffs like Michael Mann to use the DC 
courts to torture non-DC residents: this is a disgrace, and ultimately it is the re- 
sponsibility of you and your colleagues. 

I responded to Mann’s discovery requests almost two years ago. He has yet to re- 
spond to mine. No court around the world within the Common Law tradition to 
which this country is heir has ever presumed to adjudicate science. Judge Natalia 
Combs Greene is not competent to rule on landlord-and-tenant cases, never mind 
the extent of the Medieval Warm Period. Judge Vanessa Ruiz is so lethargic that, 
by the time she does rule on the science, global warming will have kicked in and 
the rising sea levels will have washed away the Maldives, Tuvalu and, with luck, 
the District of Columbia. My three years in the stagnant swamp of DC “justice” 
demonstrate why science in particular and public policy disputes in general are be- 
yond the competence of the judges you confirm and the courts you fund. They belong 
properly in what the eminent jurist Lord Moulton called “the domain of manners”. 


^^http:/ / legaltimes.typepad.com I files I commission-on-judicial-disabilities-and-tenure-report- 
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Big Climate vs Everyone 

Why is this relevant beyond the travails of one obscure immigrant? Because too 
many people within the climate cartel are demanding that dissent from the alleged 
“consensus” should be not merely a civil offense but a criminal one — and far too 
many legislators and bureaucrats are willing to entertain it. Your colleague, Senator 
Whitehouse, is among those who favor criminal penalties for those who disagree 
with him on climate policy. Earlier this year, you, Senator Markey, were rebuked 
by the President of the Cato Institute for “an obvious attempt to chill research into 
and funding of public policy projects you don’t like . . . You abuse your authority 
when you attempt to intimidate people who don’t share your political beliefs.” 

Likewise, Raul Grijalva, the Congressman from Arizona and Ranking Member of 
the House UnEnvironmental Activities Committee, earlier this year sent a letter to 
seven scientists, including professors Curry and Christy — a quite disgraceful letter 
that no citizen-legislator in a representative parliament has any business sending 
to anybody, demanding among other things details of speaking fees, travel expenses, 
and e-mail communications stretching back a decade Commissar Grijalva pre- 
sumed to be able to do this because these scientists had voluntarily testified before 
his committee, and thus, as he saw it, had submitted to his jurisdiction over every 
aspect of their lives. I hope this Senate sub-committee will distance itself from 
Commissar Grijalva’s deformed understanding of his role. But, in the event that, fol- 
lowing my voluntary appearance here today, any Senator demands in five years’ 
time to see my e-mails and know what hotel I stayed in in Cleveland or Copen- 
hagen, I might as well give you my answer now: You ain’t getting’ nuthin’. 

It takes quite a lot to stand up to powerful congressmen and senators threatening 
to plunge you into half-a-decade of investigative torture for exercising your free- 
speech and public-advocacy rights. The ultimate verdict of such inquiry is largely 
irrelevant: The process is the punishment. 

The Attorney General of New York, Eric Schneiderman, is presently using securi- 
ties law to do an end run around the First Amendment and sue Exxon for not hold- 
ing the same views on climate change as the more pliable oil companies have been 
forced to adopt in public. 

Recently, a group of scientists mainly from George Mason University wrote to the 
President to demand that climate dissenters be prosecuted under the RICO laws. 
RICO, as you know, is supposed to be used against racketeers and mobsters and, 
granted the unfortunate tendency of sloppily drawn Federal laws to metastasize 
under opportunist U.S. Attorneys, one marvels nevertheless that such an absurd 
and ideological expansion of this legislation could ever be seriously entertained. 

Needless to say, as with the Spanier regime at Penn State, it is in fact George 
Mason’s climate community that most closely approximates a mob racket. The first 
signatory on that letter demanding RICO be applied to his enemies is Professor 
Jagadish Shukla of George Mason, who additionally controls a “non-profit” the Insti- 
tute for Global Environment and Security, Inc. which is part of George Mason’s Col- 
lege of Science. In 2014 alone, this “institute” received over half a million dollars 
in Federal climate grants, including from bodies you oversee. As you know, the NSF 
and other Federal agencies have supposedly strict rules about enriching oneself 
from grant monies. As a general principle, during college vacation you’re allowed to 
earn no more than your monthly salary in research grants. So if you’re paid, say, 
$100,000 per year, you’re allowed to top that up to 20 grand of grant money during 
the summer. Instead, Professor Shukla essentially tripled his income, and since 
2001 has taken some 63 million dollars in Federal science grants for a “non-profit” 
that employed him as president, his wife as business manager and his daughter as 
assistant business manager. There’s a little bit of congressional oversight just wait- 
ing to be done, don’t you think? Sixty-three million bucks! But instead Commissar 
Grijalva wants to know whether Judith Curry got upgraded to a junior suite at the 
airport Hilton in 2007. 

This climate of intimidation, led by influential legislators of the most lavishly 
funded government in the world, sends a powerful signal to others. Professor Curry 
has noted the latest stage in the grim descent of the journal Science, whose editor 
Marcia McNutt recently published a statement confirming her journal’s wholesale 
embrace of advocacy over science: “The time for debate has ended. Action is urgently 
needed.” The other most prominent science journal on the planet. Nature, appears 
to be going even further, publishing a statement by three climate scientists arguing 
that “climate justice” is “more vital than democracy”: 


http: / / www.cato.org I blog / message-catos-center-study-science 
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Democracy emphasizes the mutual roles of actors: all preferences are treated as 
equal. In many regions of the world, however, the results of democratic choices 
can be strongly influenced by power relations and inequitable social arrange- 
ments, owing to differences in economic development, access to technology and 
knowledge. 

Elites may use democratic processes to entrench their status or encroach on other 
social goals. This can lead to incremental or undesirable results, which might 
explain why large democratic nations such as the United States continue 
to oppose progressive climate legislation. 

In our view, sound climate and energy planning should not treat all stakeholders 
in the same way. Instead, preferences and roles should be weighted to consider 
criteria related to equity, due process, ethics and other justice principles. 

So the fake 97 per cent consensus is no longer enough. These scientists are saying 
that, because there’s a supposed 97 per cent consensus among climate scientists, 
they don’t need a 51 per cent consensus from the electorate. 

The relationship between government and science today would be unrecognizable 
to real scientists — to Sir Isaac Newton, to Charles Babbage, to the Curies. The cre- 
ation of the IPCC in particular has led to the establishment of a closed, largely 
Anglo-American climate jet set that, as demonstrated in the Climategate e-mails, 
has had a wholly corrupting effect on peer review among other things. In this cul- 
ture, what is the proper role of the political class? Is it to do as Senator Whitehouse, 
Congressman Grijalva and Attorney General Schneiderman are doing, and make cli- 
mate alarmism a state ideology from which it is forbidden to dissent? Or is it time 
for legislators to exercise their responsibility to ensure that the people’s money is 
used in the service of science and not propaganda? 

In that respect, let me close by turning to my area of expertise. I am not a climate 
scientist, but I am an acknowledged expert in the field of musical theatre. Last 
year, a show called The Great Immensity opened off-Broadway. It ran a week and 
then closed after largely stinking reviews from The New York Times et al. It had 
received a direct grant of $700,000 from the agency for which you are responsible, 
the National Science Foundation. There is no science in putting on a musical: if 
there were, the Broadway adaptation of the Tom Hanks film Big would not have 
lost its entire investment, nor the Stephen King musical Carrie, nor the supposed 
blockbuster of America’s bicentennial year 1600 Pennsylvania Avenue, by Leonard 
Bernstein and Alan Jay Lerner, which closed after five days and led Bernstein to 
conclude that he never wanted to get mixed up with Broadway again. If only the 
National Science Foundation was that savvy. The difference between those shows 
and The Great Immensity is that, with your blessing, only the last had American 
taxpayers’ money in it. The Government of the United States is the brokest entity 
in the history of brokeness. It has to pay back $20 trillion just to get back to having 
nothing at all. Which nobody in human history has ever done. Yet it apparently is 
not so broke that it can’t throw down the toilet 700 grand of funds marked for 
science on a lousy musical. 

I have been around the theatre my entire adult life, and once in a while one runs 
into an example of an official government musical. There was the celebrated social- 
ist operetta. The State Department Store, which was produced in Hungary and other 
Warsaw Pact countries after the Communist regimes banned all the old-school oper- 
ettas for having too many singing princes and countesses as the principal char- 
acters. There was also Zabibah and the King, a musical version of Saddam Hus- 
sein’s allegorical novel in which the nubile virginal heroine represents Iraq and her 
manly yet tender expert lover the King represents Saddam. Unlike the NSF-funded 
Great Immensity, it got rave reviews from the Baghdad critics — because, if you gave 
it two thumbs down, you got one head off. The National Science Foundation does 
not yet enjoy that power, although clearly Dr Mann, Senator Whitehouse, Congress- 
man Grijalva, Attorney General Schneiderman, and those scientists demanding that 
climate justice trump democracy are moving in that direction. 

And in fairness neither the Communist regimes of Eastern Europe nor the 
Baathist tyranny of Saddam Hussein had their scientific bodies invest in musicals. 
That grotesque innovation came from an agency for which you are responsible. If 
you click on the YouTube link below.i® which I hope we might listen to during the 
hearing, you will see just how little American taxpayers got for their $700,000. Even 
if the show were not total garbage, it would be tainted and disfigured by the 
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$700,000 in direct funding from a government agency. That moves it into the same 
realm of state propaganda as Saddam Hussein’s musical and The State Department 
Store. Propaganda can only disfigure art and science, and it has no place in either. 
The National Science Foundation has no more business sinking three-quarters of a 
million bucks into The Great Immensity than it would have into my cat album, re- 
leased this month — although, in the latter case, the American people would at least 
have got a return on their involuntary investment. 

In the world of arts funding, bureaucrats and administrators often talk of the 
“arm’s length” principle. There is no “arm’s length” between government bureauc- 
racies and contemporary climate science: They are entwined like Saddam Hussein 
and his lush, curvaceous lover in that boffo Baghdad smash, and it has done untold 
damage throughout most of the western world. As a final thought — and here I stray 
from dogma to my colleagues’ field of data — it seems to me that there are more simi- 
larities between musical theatre and IPCC climate science than there ought to be. 
As Irving Caesar, the celebrated lyricist of No, No, Nanette, characterized Broadway 
to me many years ago: “Remember, kid. No one knows nothing.” You hire the great- 
est composer, the hottest choreographer, the biggest star, the best orchestrator, and, 
when you put ‘em all together, it just lies there and it dies there. Likewise, as I 
have come to learn, with climate science: when someone’s up in northern Finland 
collecting lake sediment, that’s science; when someone’s taking tree rings from the 
Gaspe peninsula in Quebec, that’s science; when someone’s up to his neck in ice 
cores in Antarctica, that’s science. But, when Michael Mann feeds them all into his 
magic processor and tells you here’s the planet’s temperature for the last two mil- 
lennia, that’s not science. When the IPCC distills it further into “This is the hottest 
year of the hottest decade of the hottest century in, like, forever”, that is way be- 
yond the realm of science. And, when politicians distill tbat further still into “Give 
us all your money or the planet gets it”, we have flown the coop of science and are 
free-floating through clouds of totalitarian fantasy. 

Climate alarmism is going nowhere. The two-decade global-warming pause, which 
no late 1990s climate model foresaw, led the public to doubt Big Climate’s confident 
predictions for the future. In response. Federal bodies such as NOAA and NASA 
have adjusted the past to make the present appear hotter, and thus supposedly 
demonstrated that in fact there is no such “pause”. As a result, public opinion, 
which no longer trusts the Big Climate enforcers to tell them what the climate will 
be like in 2050, now no longer trusts them to tell them what it was like in 1950. 
A recent poll found that, notwithstanding the urgings of the President and the Sec- 
retary of State and others, only three per cent of Americans regard climate change 
as their major concern. Three per cent. There is your 97 per cent consensus, gentle- 
men. 

At exactly the time when climate science needs to acknowledge its own failings, 
and the uncertainties of which Dr Curry speaks, and the inability of cartoon clima- 
tology and fraudulent gimmicks like the hockey stick to capture the complexities of 
the planet’s climate system, a narrow unrepresentative group of activists is demand- 
ing ever more brutal penalties against those who refuse to toe the line. 

There is certainly a role for the state to play in this — not in prosecuting climate 
dissenters under RICO laws or in dumping taxpayer money into unwatchable propa- 
ganda musicals, or in having feckless lethargic judges in the District of Columbia 
reward serial plaintiffs for nuisance suits, but rather in standing firm for the most 
expansive definition of free speech, which is vital to scientific inquiry and sorely 
overdue in this particular field, and against the abuse of government funds, which 
has been disastrous for it. 

Senator Cruz. Thank you, Mr. Steyn. 

Dr. Titley? 

STATEMENT OF DAVID W. TITLEY, REAR ADMIRAL USN (RET.), 

ph.d., professor of practice and director, center 

FOR SOLUTIONS TO WEATHER AND CLIMATE RISK, 
PENNSYLVANIA STATE UNIVERSITY 

Admiral Titley. Thank you for Chairman Thune to extend this 
invitation to me. 

Chairman Cruz, Ranking Member Peters, Ranking Member Nel- 
son, distinguished members of the Committee, thank you. 

This is an important hearing on an important subject. I am here 
today as a private citizen. My views are my own. 
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I got involved in climate in 2009. I was minding my own business 
as a one-star admiral, ran the Navy’s oceanography and oper- 
ational weather forecasting. Got a call while driving to the New Or- 
leans airport across the causeway in Lake Pontchartrain, and it 
was the Chief of Naval Operations, Admiral Gary Roughead. 

He basically said, “Hey, Titley, figure out what is going on in the 
Arctic. Is this an issue or not? What is going on with climate? Do 
I need to deal with this? Come up to the Pentagon and figure this 
out.” 

So I was a one star. He is a four star. So I said, “Aye aye, sir.” 
And that is what we did. 

And kind of what I looked at it as is really dropping back to the 
training. I was a navigator on an old guided missile destroyer, and 
we didn’t have GPS. So you had to look at all the data, but not be- 
lieve any one piece of data entirely. 

And that is kind of how I have looked at this because, actually, 
I wasn’t really convinced one way or the other what was going on. 
So that is what I did. And the more we looked at the data, the 
more we saw that not only were the air temperatures coming up, 
but the ocean temperatures were coming up. The sea level was 
coming up. The glaciers were retreating. The oceans were 
acidifying. And as I said, the sea levels were actually rising. 

So when you put all of those independent lines of evidence to- 
gether, coupled with a theory that was over 100 years old and had 
stood the test of time, it kind of made sense. Does it mean we know 
everything? No. But does it mean that we know enough that we 
should be considering this and acting? Yes. It is called risk man- 
agement, and that is what we are here doing. 

So that is kind of where, you know, the science in general works 
there. Can you test your hypothesis? What is the cumulative 
weight of error? Can you replicate? What is the discovery? 

You know, and over time, you can identify what is known with 
confidence. Not every publication is correct. That is OK. But it in- 
forms what we need to study over the next few years. 

So, you know, basically, what do we know today about climate 
science? We know that the Earth’s climate is changing at an un- 
usual pace compared to the natural changes that the Earth has ex- 
perienced in the past. We know emissions of greenhouse gases from 
human activities — primarily, but not exclusively fossil fuels — are 
the principal drivers. 

We know it is already causing harm, as Senator Nelson has 
pointed out. Will continue for some time, that harm will continue 
because there is inertia in the system. There is inertia in the phys- 
ical system. There is inertia in the world’s energy system. And we 
can limit that harm, though, by remedial action. 

In the military, you don’t always have perfect information. In 
fact, you hardly ever have perfect information. But you still make 
decisions based on what you know, and we know a lot. 

General Sullivan, who serves with me on the CNA Military Advi- 
sory Board, famously said that if you wait for 100 percent certainty 
on the battlefield, you will probably be dead. Let us not do that. 

We know in 2014 the CNA Military Advisory Board put out an- 
other report that talked about the climate risks are accelerating, 
the threats are being magnified, and the complex, cascading con- 
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sequences can lead to a failure of imagination. We have already ex- 
perienced that in the last 15 years in this country. We don’t need 
to do that again. 

So what do we do? We are already paying today a de facto carhon 
tax, one that nohody voted on. You look at the cost of the New Or- 
leans levees. You look at the cost of Sandy. You look at the cost 
of Florida. You look at the cost of relocating communities in Alas- 
ka. Those are all carhon taxes, and we are paying those today. 

These are the impacts to society, not necessarily mid-tropo- 
spheric corrections to MSU data. These are the kinds of things that 
we have got to figure out. 

So what can we do? I will use my last little bit of time here to 
really plead to the Congress that your leadership is essential. Big 
things happen in the United States with the Congress. The Execu- 
tive Branch can do some things. It can’t do a ton. 

We have seen this in the Department of Defense. Goldwater- 
Nichols, that was a big change for the Department of Defense. 

Nuclear power. The way nuclear power came into the Navy is be- 
cause the Congress made it happen. The Congress is massively im- 
portant. 

Ultimately, we need to decarbonize our energy system. It is going 
to happen anyways, but the speed of that transition is important. 
And as has been mentioned, there are 190 countries right now in 
Paris. So that energy system is going to transform. They are talk- 
ing about this. Why don’t we lead it? 

We have already heard the Ranking Member talk about that. 
Why don’t we — why don’t we lead it? 

So here is my belief I believe that we are still the exceptional 
country that much of the world looks to for leadership. I believe we 
all want a better life for ourselves, our children, our grandchildren. 
Please let us not pull a “Thelma and Louise.” Let us get a better 
future. Let us start it today. 

Thank you very much. I look forward to your questions. 

[The prepared statement of Admiral Titley follows:] 

Prepared Statement of David W Titley, Rear Admiral USN (Ret.), Ph.D., 

Professor of Practice and Director, Center for Solutions to Weather and 

Climate Risk, Pennsylvania State University 

Thank you Chairman Cruz, Ranking Member Peters, distinguished members of 
the U.S. Senate Committee on Commerce, Science, and Transportation for the op- 
portunity to come before you today and discuss this very important topic. 

I am David Titley and currently serve as the Founding Director of the Center for 
Solutions to Weather and Climate Risk at the Pennsylvania State University. I had 
the honor of serving in the United States Navy for 32 years and retired last year 
as a Rear Admiral and Assistant Deputy Chief of Naval Operations for Information 
Dominance. When I retired, I was also the Oceanographer and Navigator of the 
Navy, and Director of U.S. Navy Task Force Climate Change. Subsequent to my 
time in the Navy, I served as the Chief Operating Officer position of the National 
Oceanic and Atmospheric Administration (NOAA). My Center at Penn State cur- 
rently receives no Federal Funding. Although I have consulted with many distin- 
guished climate scientists in preparation for this testimony, my views are my own — 
any mistakes are my responsibility. 

I am here today because I believe coming to a consensus on how to develop poli- 
cies that address the challenge of a changing climate is a very important discussion 
for our Nation’s leadership to have. Thank you for holding this hearing. 

In the Navy we have a saying, to just give me the ‘Bottom Line Up Front’ or 
BLUF. So here’s my BLUF for today’s hearing: 
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• We know how to do Science: Science is not a simple linear process, performed 
in an isolated, sterile environment, but rather an iterative process with con- 
tinual interaction between exploration and discovery, feedback and input from 
peers, inputs from society, but most importantly, testing ideas, called 
hypotheses and theories, with evidence. New evidence can change existing 
ideas. The better ideas fit actual observations, disparate or seemingly unrelated 
observations or previously unknown observations, the more likely the idea is to 
be accepted widely by science. Results are provided in many venues, but peer- 
reviewed journals are especially important. Peer-review does not guarantee the 
ideas being published are correct, but the process does ensure the work ac- 
knowledges previous work in that field, the experiments and methods were 
well-designed, the evidence cited logically leads to the conclusion. If new evi- 
dence becomes available, or subsequent researchers find errors in the methods 
published, the original ideas are modified. Science is based on the cumulative 
weight of the evidence available. If initially published contrarian results stand 
the test of independent confirmation and corroboration, these initially 
contrarian (or even revolutionary) results become part of the accepted body of 
science. 

• The climate is changing more rapidly than has been observed in the past; we 
understand why that is so, and we understand that those changes will continue, 
absent meaningful action in reducing Greenhouse Gas emissions: The change in 
the climate, and therefore the change in the weather, is real. Multiple inde- 
pendent sources of data show a rise in temperatures and rise in the ratio of 
record high temperatures to record low temperatures; an increase in the inten- 
sity of precipitation events — that is, the hardest rains are getting harder; the 
continued collapse in the area and amount of summer-time sea ice in the Arctic 
Ocean; an acceleration of sea level rise; acidifying oceans; and ecosystems mov- 
ing poleward and up in elevation where possible. We understand why the cli- 
mate is changing, based on science extending back to the mid- 19th century. The 
basic concept of greenhouse gasses trapping heat and keeping the atmosphere 
warmer than it would be in the absence of these gasses is extremely well under- 
stood. This idea explains not only the temperature of the Earth, but the same 
concept also applies to understanding the temperatures of Venus and Mars.^ 

• We know how to succeed even when the future is not perfectly known: Traditional 
risk planning takes the chance or probability of an event and multiplies it by 
the impact. But even when it is difficult to assess the likelihood of a specific 
event, there are still available methods by which risk planning and mitigation 
can be accomplished. Our national security teams frequently have to account for 
these “deep uncertainties” and they have a variety of tools to assist them. Rich 
scenario planning, assumptions-based planning and similar methods can be 
used with the goal of identifying all plausible vulnerabilities and their subse- 
quent impacts. National Security and strategic military planners have used 
these tools successfully for decades — we can apply these methods and adapt 
them to the climate change challenge. 

The earth’s climate has naturally varied for millions of years (Figure 1 — From 
John Englander “High Tide on Main Street”; it will continue to do so for millions 
more ie.g., . However, humans, primarily through the release of greenhouse gases, 
also have the capability to modify the earth’s climate in a way that previously could 
occur only by nature. If the climate has always changed in the past and will do so 
in the future, then why do we care? We care because we are forcing a change to 
a system that has been remarkably stable in the past 8-12 thousand years (Figure 
2 — From John Englander “High Tide on Main Street”); the time when humans de- 
veloped agriculture, civilization and our modern way of life. It’s not that the climate 
of the past few thousand years is optimal per se, but its stability allowed us to base 
a civilization on an overall predictability of where our coasts would be, when the 
rains would come, and the length of the growing seasons. Later on we would con- 
struct our buildings, towns, and cities all based on a historical understanding of the 
averages and extremes of our historical climate. And most importantly, we made a 
fundamental assumption that the future climate would be like the past. That as- 
sumption no longer holds. 


1 MacCracken, M. “Climate Change in Six Well-Documented Findings”, http:! I www. climate 
.org i topics I climate-change ! science-in-six-findings.html 
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Dr. John Holdren, Director of the White House Office of Science and Technology 
Policy, provided extensive written testimony on the subject of climate change data 
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and evidence to the U.S. House of Representatives Committee on Science, Space and 
Technology in September 2014. While I have no ties to the current administration 
I believe Dr. Holdren describes accurately the state of climate science today. The 
following is an extract of his written statement: 

“There is an immense amount of [climate science] primary, peer-reviewed, pub- 
lished research . . . carried out by a wide variety of competent national and 
international bodies (including Federal agencies and scientific advisory boards 
and committees reporting to them). Important examples include the comprehen- 
sive reviews by the U.S. National Academies^ and the Intergovernmental Panel 
on Climate Change (IPCC),^ the recent joint review by the U.S. National Acad- 
emy of Sciences and the U.K.’s Royal Society of London,"^ the Second and Third 
U.S. National Climate Assessments,® the annual State of the Climate reports 
of the U.S. National Oceanic and Atmospheric Administration,® the periodic 
synthesis and assessment reports of the U.S. Global Change Research Pro- 
gram,^ and the first Quadrennial Energy Technology Review of the U.S. Depart- 
ment of Energy.® Notably, the U.S. National Climate Assessments, which are 
required under the Global Change Research Act of 1990, reflect substantial 
input from the public, outside experts and stakeholders. The most recent such 
Assessment, which was released in May of 2014, was the result of a three-year 
anal 3 dical effort by a team of over 300 climate scientists and experts, informed 
by inputs gathered through more than 70 technical workshops and stakeholder 
listening sessions held across the country. The resulting product was subjected 
to extensive review by the public and by scientific experts inside and outside 
of government. 

The Natural Science of Anthropogenic Climate Change 

Decades of observation, monitoring, and analysis have demonstrated beyond rea- 
sonable doubt that: 

(1) the Earth’s climate is changing at an unusual pace compared to natural 
changes in climate experienced in the past; 

(2) emissions of carbon dioxide and other greenhouse gases from human activi- 
ties, principally the combustion of fossil fuels but also land-use change, are 
the principal drivers of the recent and ongoing changes in climate; 

(3) climate change is already causing harm in many parts of the world (and many 
parts of the United States); 

(4) this harm will continue to grow for some time to come, because of the time 
lags and inertia built into the Earth’s climate system and the inertia in civili- 
zation’s energy system (which prevents drastically reducing the offending 
emissions overnight); but 

(5) there is a large difference between the amount of additional harm projected 
to occur in the absence of vigorous remedial action versus that expected if 
such action is taken promptly. 

The recent measured changes in climate include a multi-decade increase in the 
year-round, global-average air temperature near Earth’s surface, but they are not 
limited to that. The changes also include increased temperatures in the ocean; in- 
creased moisture in the atmosphere; increased numbers of extremely hot days; 
changed patterns of rainfall and snowfall; and, in some regions, increases in 
droughts, wildfires, and unusually powerful storms. 

In consequence of the temperature increase, moreover, glaciers are melting, the 
Greenland and Antarctic ice sheets are losing mass, and sea level is rising. A^ile 


2 The National Academies reports on climate change include the four-volume set, America’s 
Climate Choices (2010) and a host of other reports completed since 2010, all accessible at: 
http:! I nas-sites.org / americasclimatechoices ! 

3 Intergovernmental Panel on Climate Change (IPCC) 2007 and 2013-2014 IPCC Fourth and 

Fifth Assessments, accessible at: http://www.ipcc.ch/publications and data / publications 

and data reports. shtml#l 

^Climate Change: Evidence and Causes — ^An Overview from the Royal Society and the U.S. 
National Academy of Sciences, 2014: http://dels.nas.edu/resources/static-assets/exec-office- 
other / climate-change-full.pdf 

^Global Climate Change Impacts in the United States, 2009: http://nca2009.globalchange.gov 
and Climate Change Impacts in the United States, 2014: http:/ / nca2014.globalchange.gov. 

® National Oceanic and Atmospheric Administration (NOAA) State of the Climate reports, ac- 
cessible at: http://www.ncdc.noaa.gov/sotc/ 
http: / / www.globalchange.gov / browse / reports 

^Department of Energy (DOE) 2011 Quadrennial Technology Review: http://energy.gov/sites/ 
prod /files / QTR_report.pdf 
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the pace of sea-level rise is relatively slow — the current rate would produce an in- 
crease of about a foot over a century — there are three main reasons that the prob- 
lem should not be underestimated: 

(1) The rate appears to be increasing and is now about twice the average for the 
20th century; increases as high as 1 to 2 meters (3.3 to 6.6 feet) above the 
pre-industrial value by 2100 cannot be ruled out.® 

(2) Even modest amounts of sea-level increase constitute a significant threat to 
ecosystems and infrastructure in low-lying coastal areas, not least because of 
the amplification of storm surges and increased intrusion of salt water into 
coastal aquifers. 

(3) The momentum in the processes driving sea-level rise is such that it is ex- 
pected to continue for centuries even under the most optimistic scenarios for 
climate-change mitigation; it can be slowed, but it cannot be stopped on any 
time scale of practical interest. 

The “fingerprint” of human responsibility for most of the climate change observed 
over the past few decades is unmistakable: science has established persuasively that 
the atmospheric build-up of the key greenhouse gases has resulted from human ac- 
tivities; and the spatial and temporal patterns as well as the magnitudes of the ob- 
served changes in temperature are consistent with what theory and models predict 
would result from that build-up, after allowance is made for the partially offsetting 
effect of increased atmospheric concentrations of reflective and cloud-forming partic- 
ulate matter (also of human origin). 

Civilization’s emissions of carbon dioxide, in particular, have led not only to a 
build-up of the stock of this important heat-trapping gas in the atmosphere (where 
it’s responsible for close to half of the total warming influence of all the heat-trap- 
ping substances humans have added over time); those emissions have also led to an 
increase in the dissolution of carbon dioxide into the surface layer of the ocean. 
There the dissolved CO2 forms carbonic acid (H2CO3) and thus lowers the pH (in- 
creases the acidity) of ocean waters. This ongoing acidification increasingly puts at 
risk coral reefs and other marine organisms that build their shells or skeletons from 
calcium carbonate (including clams, oysters, and some plankton). 

The foregoing conclusions are based on an immense number of observations and 
measurements made by thousands of scientists at both governmental and non- 
governmental institutions around the world, as well as on fundamental under- 
standings about atmospheric physics and increasingly sophisticated computer mod- 
els of ocean-atmosphere-ecosystem interactions, all recorded in tens of thousands of 
peer-reviewed scientific publications. These key findings about climate change have 
been endorsed by every major national academy of sciences in the world, including 
those of [the United Kingdom], China, India, Russia, and Brazil as well as that of 
the United States, and by nearly every U.S. scientific professional society, by the 
World Meteorological Organization and the UN’s Inter-governmental Panel on Cli- 
mate Change (IPCC), and by the recently released Third U.S. National Climate As- 
sessment.” 

(I have attached additional, more technical parts of Dr. Holdren’s statement pro- 
viding evidence of changes in our climate in Attachment A, submitted with this tes- 
timony.) 

I would be remiss if I did not address the so-called ‘pause’ in global surface tem- 
peratures. Dr. Holdren provides additional details (submitted as part of Attachment 
A). It is easy to find arbitrary 5-15 year periods when, with careful choosing of the 
start and stop dates, one can claim there has been no change in global tempera- 
tures. This method of analysis though does not account for the longer-term upward 
trend that persists through the relatively short-term variations. As an analog, I 
drive west on Interstate 70 from Washin^on DC back to Penn State. However, for 
nearly the first 25 miles in Pennsylvania, 1-70 runs north, or even northeast. But 
even with that short-term variation (to account for the mountains) the road, overall, 
still takes me from east to west. Likewise, due to natural variability, there are 
short-term ups and downs in year-to-year temperature. But this structure does not 
remove the long-term, and upward, trend. A recent graphic (Figure 3) from Dr. 


®Note: The highest value cited by the IPCC’s 2013 climate-science synthesis is 1.25 meters, 
hut a December 2012 NOAA report put the upper limit at 2 meters (see Parris, A., P. Bromirski, 
V. Burkett, D. Cayan, M. Culver, J. Hall, R. Horton, K. Knuuti, R. Moss, J. Oheysekera, A. 
Sallenger, and J. Weiss. 2012. Global Sea Level Rise Scenarios for the U.S. National Climate 
Assessment. NOAA Tech Memo OAR CPO— 1: http: j ! cpo.noaa.gov ! sites ! cpo /Reports 12012 1 
NOAA_SLR_r3.pdf) 
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Kevin Trenberth of the National Center for Atmospheric Research shows this 
trend, and also shows how 2015 is very likely to be the warmest year recorded in 
the modern record — and by a significant margin. 


Global temperature and carbon dioxide: 
anomalies through 2015 (projected) 



In summary, a combination of multiple, independent sources of data provide the 
basis to the latest conclusion from the Intergovernmental Panel on Climate Change: 
“Warming of the climate system is unequivocal, and since the 1950s, many of the 
observed changes are unprecedented over decades to millennia. . .Human influence 
on the climate system is clear. This is evident from the increasing greenhouse gas 
concentrations in the atmosphere, positive radiative forcing, observed warming, and 
understanding of the climate system.” We should not be surprised; these conclu- 
sions rest on science discovered in the 19th century by Fourier, Tyndall, Arrhenius 
and their colleagues and validated by many scientists in the subsequent decades. 

It is worth noting that private industry independently arrived at these same con- 
clusions decades ago. Recently released documents show that in 1980 Exxon re- 
searchers projected the impacts on global temperature due to increasing greenhouse 
gasses with astonishing accuracy {e.g.. Figure 4). Again, the basis of the science of 
climate change is exceptionally well-understood and can be — and has been — applied 
by many researchers inside and outside the government. 


^^http:/ / www.huffingtonpost.com I dr-kevin-e-trenberth I fact-not-opinion-climate- b 8703012 

.html 

Summary for Policy Makers of the Working Group I contribution to the IPCC Fifth Assess- 
ment Report (2013) 

'^’^http:! I www.aip.org / history ! climate ! co2.htm 

^^http: f f insideclimatenews.org f news f 01122015 f documents-exxons-early-co2-position-senior- 
executives-engage-and-warming-forecast 
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Figure 4 — Exxon Projection of global temperatures 


So what should we do? I recommend we take a risk-management approach, simi- 
lar to how the CNA Military Advisory Board (MAB) has done in their most recent 
report on the risks of climate change to security Although most of the CNA MAB 
members are not scientists, their positions as former senior three-and four-star lead- 
ers in the United States Military trained them to seek and assess technical advice 
from many different fields of expertise. They have accepted the overwhelming evi- 
dence of the mainstream, international science community, and understand that if 
significant new and compelling evidence is discovered, the conclusions may need to 
be adjusted accordingly. Climate risks and security risks share another trait in com- 
mon: “The worst matters much more than the bad” i®. In other words: What are the 
near-term and future risks to our way of life — and what policies and structures 
should we put in place to manage and mitigate those risks? 

How might we meet this challenge? One way might be to start with these four 
recommendations, consistent in broad goals with the President’s Climate Action 
Plan 16: 


• Set up and support a monitoring system that will allow the U.S. and the world 
to detect and assess changes to future climate. Assign specific responsibilities. 
Many National Academies of Science (NAS) reports have called for such a moni- 
toring system. As a recent example, the NAS Abrupt Climate Changes’ report 
calls for such a monitoring system. 

• Adjust policies today for what we know — and for what we might reasonably ex- 
pect in the coming decades. Ensure we do not simply plan for the best case or 
even the most likely, but also consider seriously the most damaging and harm- 
ful scenarios (think ‘Katrina’ and ‘Sandy’). We learned in the military a long 
time ago that hope by itself is rarely a good strategy. 

• Invest in better understanding — and ultimately prediction — at the boundary be- 
tween weather and climate. While scientifically this is very challenging, it is 
also very important for people and a myriad of decisions. From a security, eco- 
nomic, agricultural, infrastructure and policy perspective, greater climate 
knowledge of the next few seasons to the next decade or two would be extremely 
useful. While we should not use today’s uncertainty as an excuse to defer action, 
better understanding of the climate over the next 2-20 years would be very use- 
ful in allocating scarce resources. The Department of the Navy is funding today 


“National Security and the Accelerating Risks of Climate Change.”, CNA Corporation, May 

2014. https:! Iivww.cna.org i cna files i pdf i MAB 5-8-14.pdf 

Burroughs, William “Climate Change in Prehistory: The End of the Reign of Chaos”, Cam- 
bridge University Press, 2005 

http: i i WWW. whitehouse.gov j sites i default (files i image / president27sclimateactionplan.pdf 
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the ‘Earth System Prediction Capability’ or ESPC — an interagency program de- 
signed to provide our country the next-generation of integrated air-ocean-ice- 
land prediction system.!'^ Navy is working with other components of the DoD, 
as well as NOAA, NASA and the Department of Energy to ensure our Nation 
has the world’s best operational weather and climate prediction tools at our dis- 
posal. This national imperative must be a national priority. 

• As we work on adapting to our changing climate we should not lose sight of 
the big picture: how to move the world’s energy system to a predominantly non- 
carbon based energy source to power the world. How can we unleash the inno- 
vation and energy that makes our country great to solve one of the grand chal- 
lenges of the 21st Century? The United States has responded to grand chal- 
lenges of the past, in part by investing for the future. As seen in Figure 5, we 
responded to President Kennedy’s call to go to the moon and President Nixon’s 
response to the 1973 Arab Oil Embargo. To date though, there has been no seri- 
ous response to the need to transforming our energy system. We are the country 
that is developing a self-driving car and whose private companies can send sat- 
ellites to geosynchronous orbit. With the right policies and encouragement from 
the Federal Government I am sure our private sector can develop — and profit 
from — energy solutions that will power the world in a sustainable fashion into 
the future. 

In closing, our country is dealing with a significant change in the world’s climate; 
it is a very serious challenge and if we do not manage this risk climate change, un- 
checked, will make many of our existing threats worse. But our country has met 
challenges of this magnitude before and succeeded — and we will do so again. While 
we don’t know everything — and we never will — we do know more than enough to 
act now. By focusing our efforts in a risk-based framework on meeting the climate 
challenge, we can prepare for the short-term while shaping our longer-term future. 
We can provide the policies, stability and guidance our country needs to unleash our 
country’s energy, creativity and initiative. I am convinced we will be proud and 
amazed at what we can accomplish. 

Thank you very much for your time and attention; I look forward to taking your 
questions. 
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Attachment A 

Additional excerpts from Dr. John Holdren’s (Director, Office of Science 
and Technology Policy, Executive Office of the President of the United 
States) written statement to the U.S. House of Representatives Committee 
on Science, Space, and Technology, given 17 September 2014 

Elaboration on the human drivers of global climate change 

Scientists have developed good estimates of the magnitudes of both human-caused 
and natural influences on the global climate (called “forcings” in climate science) 
since the start of the Industrial Revolution around 1750. The results show that the 
human influences in this period have far outweighed the natural forcings, as well 
as internal variability of the climate system. The 2013 IPCC report found, specifi- 
cally, that the positive forcing (warming influence) attributable to human-caused 
emissions over the period 1750-2011 was about 80 times as large as the positive 
forcing from changes in solar irradiance (the largest natural influence) over that pe- 
riod. Studies going back 20 years and more show that increases in globally-averaged 
temperatures over the last several decades have been too rapid and too sustained 
to be a result of internal climate variability. 

Carbon dioxide (CO 2 ) is the most important greenhouse gas emitted by humans. 
Emissions of CO 2 between 1750 and 2011 accounted for 42 percent of the total posi- 
tive forcings resulting from all human emissions over this period; and current CO 2 
emissions are responsible for around 75 percent of the century-scale Global Warm- 
ing Potential (GWP) of all current human emissions of heat-trapping substances. 

In 2012, about 90 percent of global anthropogenic CO 2 emissions came from fossil- 
fuel combustion and cement production (40 percent coal, 30 percent oil, 16 percent 
natural gas, 4 percent cement) and 10 percent from deforestation and other land- 
use change. Of the “industrial” (fossil fuel and cement) emissions in that year, 
China accounted for about 29 percent, the United States for about 15 percent, the 
27 countries of the European Union for about 11 percent, India for about 6 percent, 
Russia for about 5 percent, and Japan for about 4 percent. These relatively few 
countries alone, then, accounted for about 70 percent of global industrial CO 2 emis- 
sions in 2012. 

The second most important greenhouse gas emitted by humans is methane (CH4). 
It has a far shorter atmospheric lifetime than that of carbon dioxide, but methane 
emissions between 1750 and 2011 nonetheless accounted for about 24 percent of the 
total positive forcings resulting from all human emissions over this period. Part of 
this contribution is because chemical reactions involving CH4 lead to increases in 
tropospheric ozone and stratospheric water vapor. The activities responsible for civ- 
ilization’s methane emissions are, approximately: fossil-fuel production, processing 
and transport, 30 percent; animal husbandry, 27 percent; waste management, 23 
percent; rice cultivation, 10 percent; and biomass burning, iO percent. 

Emissions of halogen gases (leaked from a variety of commercial products and in- 
dustrial uses) accounted for another 9 percent of the total positive forcing as of 
2011, compared to 1750, but about 40 percent of the positive forcing from the halo- 
gen gases was cancelled out by the reduction in the stratospheric concentration of 
ozone caused by their emissions. Emissions of nitrous oxide (from combustion and 
fertilizer use) contributed about 4 percent of the total positive forcing up to 2011. 

The other major contributor to positive forcing since the beginning of the Indus- 
trial Revolution is not a greenhouse gas at all but “black carbon” — heat-absorbing 
particles emitted primarily by biomass burning and by many two-stroke and diesel 
engines. Although the atmospheric lifetime of these particles is only days to weeks, 
their emissions had contributed about 16 percent of all positive forcing as of 2011, 
compared to 1750. 

The positive forcings from the sources just mentioned are currently being partially 
offset by negative forcing that comes from reflective and cloud-forming particles that 
also have increased in concentration in the industrial era. The main sources of these 


^®Note: The GWP of an initial emissions pulse of a greenhouse gas is calculated hy summing 
its warming effects over a specified number of years into the future. Because different green- 
house gases have different lifetimes in the atmosphere, the relative importance of their respec- 
tive emissions at a given time — as measured by GWP — depends on the length of time chosen 
for those sums. One hundred years is a common choice. Note also that the IPCC’s new approach 
to allocating the responsibility for forcing (as of the 2013—14 assessment) is based on the con- 
tribution of emissions of the heat-trapping substances and their precursors between 1750 and 
2011, not on the changes in concentrations of the heat-trapping substances as was the approach 
in the IPCC’s previous assessments. The two approaches to allocation give somewhat different 
numbers because emissions of some substances affect not only their own concentrations but also 
the concentrations of others. 
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particles are certain oxides of sulfur and nitrogen emitted by fuel combustion. There 
are strong incentives to reduce those emissions for reasons of public health and the 
protection of ecosystems from acid precipitation, however, and when this happen the 
resulting reduction of negative forcing by the associated reflective and cloud-forming 
particles will “unmask” some of the warming that currently is being offset. 

Elaboration on the “hiatus” in global warming 

A number of climate-change contrarians have been propagating the claim that 
there has been no global warming since 1998. This is not correct. 

Although the rate of increase in the globally and annually averaged temperature 
of the atmosphere near the surface has slowed since around 2000 compared to the 
rate of increase over the preceding three decades, near-surface warming of the at- 
mosphere has indeed continued. The 2000s were warmer than the 1990s, and the 
2010s so far have been warmer than the 2000s. 

Thirteen of the 14 warmest years since decent thermometer records became avail- 
able (around 1880) have occurred since 2000. During the recent period in which the 
rate of increase of the average surface air temperature has slowed, moreover, other 
indicators of a warming planet — shrinkage of Arctic sea ice and mountain glaciers, 
increased discharges from the Greenland and Antarctic ice sheets, increased ocean 
temperatures, and sea-level rise — have been proceeding at or above the rates that 
characterized the preceding decades. 

The long-term warming trend resulting from the build-up of heat-trapping gases 
and particles in the atmosphere is superimposed on a considerable amount of varia- 
bility — year-to-year and decade-to-decade ups and downs in the global-average at- 
mospheric temperature resulting from variations in solar output, in volcanic activity 
that injects reflecting particles into the strato-sphere, and in ocean circulation pat- 
terns that govern how much of the trapped heat goes into the oceans as opposed 
to staying in the atmosphere. Scientists therefore do not expect the rate of atmos- 
pheric warming, which results from the combination of human and natural influ- 
ences, to be uniform from year to year and decade to decade. Climate models show 
short periods of slow warming and even cooling within long-term warming epochs, 
much as we see recently in observations. 

The reduced rate of warming since around 2000 is thought to be the result of a 
partial offsetting, by a combination of natural factors that tended to cool the atmos- 
phere in this period, of the warming influence of the continuing greenhouse-gas 
build-up. An increase in emissions of sunlight-reflecting particles from an increase 
in global coal use may also have contributed. Among the natural factors thought to 
be involved, oceans are likely to have played a major role in slowing atmospheric 
warming in this period. The oceans normally take up more than 90 percent of the 
excess heat trapped by anthropogenic greenhouse gases; thus, a small percentage 
increase in what goes into the ocean can take a large share away from what other- 
wise would have gone into the atmosphere. 

When the variability that has lately slowed surface-atmosphere temperature 
trends next shifts to contributing warming, of course, it will then reinforce rather 
than offset the warming influence of the build-up of greenhouse gases. The rate of 
increase of the global-average surface temperature will then rebound, becoming 
more rapid, rather than less rapid, than the long-term average. 

It is not clear, finally, that all of what has long been called “natural variability” 
is completely free of human influences. It’s known that the geographic unevenness 
of anthropogenic global warming (amplified in the Northern Hemisphere by the 
shrinkage of Arctic sea ice, among other factors), affects atmospheric and oceanic 
circulation patterns. There is considerable evidence that the El Nifio/La Nina cycle, 
as well as other patterns that affect how much trapped heat ends up in the oceans 
rather than in the atmosphere, are being influenced to some extent by anthropo- 
genic global warming. 

It has been suggested that the slow rate of recent warming calls into question our 
understanding of the importance of CO 2 in determining Earth’s climate. There is no 
reason to believe this. Short periods of slow warming and even cooling amidst longer 
warming epochs are expected and are seen in instrumental records, geologic tem- 
perature reconstructions, and in climate-model output. Internal redistributions of 
energy (as are suspected to be responsible for most of the recent slowdown in atmos- 


i^Note: The one year in the top 14 that occurred prior to 2000 was 1998. It was the third 
or fourth warmest year since 1880 as a result of an unusually powerful El Nino, which boosted 
the global-average surface temperature well above the trend line. The recent rate of temperature 
increase can be made to look smaller by “cherry-picking” the 1998 spike as the new start date 
for one’s trend line, as a number of contrarians have done to bolster their claim that global 
warming has stopped. 
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pheric warming) in no way conflict with our understanding of CO2 as a dominant 
driver of long-term changes in Earth’s climate. 

Senator Cruz. Thank you, Dr. Titley. And thank you to each of 
the witnesses for testifying. 

Dr. Happer, I want to start with you, and I want to just make 
sure I understood your testimony correctly. As I understood what 
you told this committee, you had a series of facts. That CO 2 is not 
a pollutant. That CO 2 is good for the planet. That CO 2 is good for 
plant life in particular. That the world right now is currently 
greening. And that for much of our history, there has heen substan- 
tially more CO 2 in the atmosphere than there is right now. 

Am I correct in understanding each of those facts? 

Dr. Happer. That is completely correct. But by history, I mean 
for since the last 500 million years, you know, since the Cambrian. 

Senator Cruz. And I would note that the history with markedly 
more CO 2 predated the Industrial Revolution. So it didn’t come 
from automobiles or the burning of carbon fuels. Is that correct? 

Dr. Happer. That is correct. 

Senator Cruz. OK. So those are facts we are beginning with. I 
would note those facts are directly contrary to what the global 
warming alarmists tell us day in and day out and to what the 
media, which echoes their concerns, say day in and day out. 

I want to pull up charts number 1 and number 2. I guess the 
bias on the charts of the computer models is causing the chart to 
fall over. 

[Laughter.] 

Senator Cruz. So, Dr. Christy, this first chart here, the bright 
red line, do I understand it correctly that the bright red line is 
what the computer models — and this is an average of quite a 
many — quite a significant number of computer models, what the 
computer models said should be happening with our temperature, 
that we should see warming spiking like crazy. Is that correct? 

Dr. Christy. Yes, and that is the bulk atmosphere, where the 
biggest signal of greenhouse warming is supposed to be seen. So 
that is precisely where you want to measure it. 

Senator Cruz. So we see the computer models, and if that were 
fact, we might have something to talk about. But the bottom line 
there, the Wue and green, those are the actual measurements of 
what is, in fact, happening in the atmosphere. Is that correct. Dr. 
Christy? 

Dr. Christy. Yes, and I think the nice thing about that chart is 
there are seven different datasets involved in that observations 
there, not just one. 

Senator Cruz. So when you compare alarmist theories, the red 
line, to actual facts, the blue and green dots, you see that the facts 
don’t back up the theories. And we are being asked as a Congress 
to act and impose trillions of dollars of cost on humanity because 
of the red-line theory that is not backed up by the facts. Is that 
correct? 

Dr. Christy. I think so. In fact, going along with your hearing, 
you might want to say dogma is the red line. Data is the blue and 
the green. 

Senator Cruz. I think that is very well said. I would note this 
chart on the right, which shows for the last 18 years that there has 
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been no significant warming whatsoever. Now that is directly con- 
trary to what the dataset showed. 

Now, Dr. Titley, I noticed in your written testimony that you 
took a moment to address what you described as the so-called 
“pause” in global temperatures. By the pause, are you referring to 
the last 18 years of no significant recorded warming? 

Admiral Titley. Well, unlike your previous witness, I am not re- 
ferring to the 1940s. It is — I thought you would like that. 

Senator Cruz. Indeed. 

Admiral Titley. Yes. The pause is very interesting. As you know, 
sir, 1998, big El Nino. So it is kind of interesting we start at 18 
years. We don’t look at a 15-year dataset or a 10-year dataset or 
a 20-year dataset. We look at an 18-year dataset. 

But even if you do that, that is fine. Let us look at that. We 
have — this is low budget here. I have got to do my own charts. 

[Laughter.] 

Admiral Titley. Thanks, Amanda. 

Senator Cruz. Well, let me take a moment on 

Admiral Titley. So here, sir, just to answer your question. Sen- 
ator. Here was 1998, and here is today. 

So, on me, I mean, I am just a simple sailor. But it is hard for 
me to see the pause on that chart. So I think the pause has kind 
of come and gone. 

Senator Cruz. Do you dispute the satellite measurement? 

Admiral Titley. Let us not talk about the satellite. Here is 

Senator Cruz. But, sir — sir, I am asking, do you — I understand 
that the global warming alarmists don’t want to talk about the sat- 
ellite data, but I am asking 

Admiral Titley. OK, sure. I will talk about the satellite. Let us 
talk about the satellite measurements. Let us talk about orbital 
decay. Let us talk about overlapping satellite records. Let us talk 
about stratospheric temperature contamination. 

I think Dr. Christy and Dr. Spencer, when they put this out, they 
had been wrong I think at least four consecutive times. Each time 
the data record has had to be adjusted upwards. There have been 
several sine errors. 

So when — with all due respect, sir, I don’t know which data ex- 
actly your staff has, whether it is the first or second or third or 
fourth correction to Dr. Christy’s data. We used to have a negative 
trend, then we had no trend, and now we begrudgingly have an up- 
ward trend. 

So looking at those data, you know, it is OK. But here is where 
we live 

Senator Cruz. Let me see if — let me see if I can understand. The 
first argument you gave in response to this, and it is an argument 
that a number of the global warming alarmists use is they say, 
well, 18 years ago was El Nino, and it is arbitrary to begin there. 
And I will confess I don’t understand that argument because we 
have 18 years of no significant warming. So if you don’t like an 18- 
year window, we can start in 1999. There is no significant warming 
for 17 years. 

If you don’t like a 17-year window, we can start in 2000. Then 
we don’t have a significant warming. It is true for any date across 
those 18 years. So I fail to see the significance 
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Admiral Titley. Actually, Senator, it is not. If you take off that 
top really big spike and you take that out, you start getting the up- 
ward bias, and this is what people do when you start looking at 
these relatively arbitrary times is you start with a really high num- 
ber at the left-hand side, and that kind of influences basically your 
linear trend. 

So when you start looking at things like every decade, you have 
an upward trend in the data, and that is from the World Meteoro- 
logical Organization. 

Senator Cruz. And I would note you asked about the source of 
the data on the right chart. It is actually not Dr. Christy’s data. 
It is the Remote Sensing Systems, the RSS data that is up there. 

At this point, my time has expired. But we are going to have an- 
other round. 

Admiral Titley. Thank you, sir. 

Senator Cruz. And we will return to questions on these topics. 

Senator Peters? 

Senator Peters. Thank you, and again, thank you to our panel- 
ists for your testimony here today. 

Now it was interesting as I heard the testimony from folks and 
some of the comments that were being made, that this is the so- 
called consensus of climate change and warming. I heard one of the 
panelists say the argument is so weak that it can’t stand up to any 
other scrutiny. 

As I look at the facts, I don’t understand where those — where 
those comments are coming from. My understanding is that — and 
this is in a number of peer-reviewed journals that have looked at 
where scientists are, particularly those who are climate scientists — 
roughly 97 percent of those folks in the profession believe that the 
climate is, indeed, changing and that humans had a significant as- 
pect to it. 

But it is not just in the scientific community. We have got, in 
fact, just recently a letter of 150 of the leading companies in this 
country who are having to make business decisions and are con- 
cerned about changing climate. Companies important to me in 
Michigan like General Motors and Kellogg, but also Coca-Cola, 
Walmart, UPS. It is a list of the “who’s who” of companies in this 
country who believe this is a concern. 

We have some of my colleagues who are in Paris. Nearly 190 
countries have come together, realizing this is something that we 
have to deal with. So, and we hear those numbers, that seems like 
there is overwhelming amount of scientific support. 

That is not to discredit the folks who are testifying here. Cer- 
tainly your view is important, and we need to hear that. And I 
think, as. Dr. Titley, you mentioned, nothing is ever 100 percent. 
And I want to pick up on that, and you mentioned it briefly in your 
comments as well, particularly as someone who is an admiral in 
the Navy and as a military person. 

We expect our Department of Defense to evaluate potential 
threats that we face to our national security, threats that we face 
as a country. If we are in — if we have to go to war, our com- 
manders have to make constant assessments of threats, and they 
rely on the intelligence community to give them data before they 
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commit men and women into harm’s way. People’s lives could be 
at stake. 

These are huge decisions, serious decisions, ones that I know 
commanders agonize about. But they know if they make the wrong 
decision, the consequences could be even more significant. 

So, and I spent some time in the Navy as well, and I don’t know 
that an intelligence report will ever give you 100 percent certainty. 
In fact, they will give you all sorts of caveats in providing any kind 
of intelligence assessment. 

So speaking as a man from the military, if you are an operational 
commander and someone said we can give you 97 percent con- 
fidence, but not 100, is that going to be enough? And really, what 
is — speak to what sort of certainty you are going to need. 

Admiral Titley. Senator, thanks for the question, sir. 

If somebody could tell me with 97 percent certainty what is going 
to happen on the battle space or in the operating environment, I 
mean, you would take that in a heartbeat. Our intelligence commu- 
nity does wonders. They have been supported by the Congress, sup- 
ported by the administration, tremendous hard-working men and 
women. 

But if the intelligence community could tell you as much as the 
climate community could about the state of the world 50 years from 
now, we would find General Clapper, whatever he is doing today, 
stop him. Fly him to the White House and give him the Presi- 
dential Medal of Freedom this afternoon because that would be just 
an outstanding feat. 

Now this is not a knock on the intelligence community. They are 
dealing with people. They are trying to deal with people who de- 
ceive us. We are just dealing with physics. The physics isn’t trying 
to deceive anyone, and we understand the basic theory. 

We certainly don’t understand everything, and we certainly do 
understand that there are short- and medium-term variations, ups 
and downs, some of which we do pretty well on, others not so 
much. That is why we need research. That is why we need better 
observations. 

But the degree of certainty that you ask for, sir, we — we would 
love to have that for operational commanders making military deci- 
sions. 

Senator Peters. And certainly that is in weather decisions. You 
are a part of the meteorologic or for part of meteorology with the 
Navy. As a meteorologist, what level of certainty on weather fore- 
casts is acceptable to mission commanders who make operational 
decisions? Obviously, they don’t go into battle without checking 
with you and other meteorologists. 

Admiral Titley. Yes, sir. Usually they would say, “Shut up, 
Titley. Don’t give me that weather stuff. Just tell me what is going 
to happen.” 

So what they are looking for — but they do understand risk. In all 
seriousness, people do understand risk. Sometimes weather fore- 
casts are taken to the bank. It is going to start snowing at what- 
ever time. 

Other times, like hit-and-miss showers, like the Ranking Mem- 
ber, you know, in Florida, trying to figure out where that thunder- 
storm is and is not is pretty tricky. But you can communicate that 
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in terms of risk, in terms of probabilities, and that is really when 
you extend into climate. This is all we are doing. 

I think anybody who says, you know, you have 100 percent of 
whatever, you probably don’t. But if you start having significant 
numbers and you look at the impacts, I mean, that is the other 
part of risk is what is the impact if you are wrong? You know, and 
then how do you buy that down? How do you manage that risk so 
that it becomes acceptable? And that is what we are trying to do. 

Senator Peters. And that is the thing is the risk that could be 
potentially catastrophic or go anywhere from bad to catastrophic. 
But you mentioned and I mentioned the short-term weather effects. 
If you would just briefly — or my time is about up, but briefly, there 
is a difference between weather events and climate. And I think 
that is oftentimes confusing to folks. It is to me. 

Could you elaborate why short-term weather events, we 
shouldn’t spend too much time focusing on those and instead need 
to be looking at the long-term impact of climate change? 

Admiral Titley. Yes, sir. I mean, I often tell people you live in 
weather and you plan for climate. Climate is simply this amal- 
gamation or it is put together in space and time, over decades over 
large regions. Those are the trends. That is climate, up, down, 
whatever it is. 

Weather is day-to-day, you know, and even out to a week, 2 
weeks, 3 weeks. And then in between is where it gets interesting, 
and you know, when we talk about 18 years, this is an interesting 
time. You have some ocean pieces, but also climate. And you get 
these — get these interactions here, and this is the interesting time. 

Long-term, though, we know where the climate is going. 

Senator Peters. Thank you, sir. 

Admiral Titley. Thanks. 

Senator Cruz. Senator Daines? 

STATEMENT OF HON. STEVE DAINES, 

U.S. SENATOR FROM MONTANA 

Senator Daines. Thank you, Mr. Chairman. Thank you for hold- 
ing this hearing today. 

Ranking Members Peters, Nelson, thank you. 

I do not have a Nobel Prize, just for the record to be clear. I do 
have a degree in chemical engineering. I am the only chemical en- 
gineer on the Hill. So I very much appreciate and I like being on 
this science kind of debate and on this committee. 

My home state of Montana is well known for its beautiful land- 
scapes, pristine environment, and clearly, we have a moral respon- 
sibility to be good stewards of that environment. But Montana fam- 
ilies also rely on our natural resources. We are called the Treasure 
State for a reason. And it is not because of elk antler furniture and 
huckleberry jam, as much as we enjoy those things. We are called 
the Treasure State because of our natural resources, which in- 
cludes coal. 

These are good-paying jobs, that coal creates. It is reliable, af- 
fordable energy. And I believe Montanans and most Americans be- 
lieve we can achieve a balanced approach of protecting our environ- 
ment, as well as ensuring we have affordable energy. 
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I can tell you there is a lot of concern about the regulations that 
are coming out of the debates like we are having here today and 
the magnitude of the devastating impacts on families. The Univer- 
sity of Montana, which is not a conservative think tank — my dad 
is a proud graduate of the University of Montana. But I will tell 
you they just published a study on the Clean Power Plan, which 
probably should be called the unaffordable energy plan. 

And that study stated that the Clean Power Plan could poten- 
tially be the largest economic event to occur in Montana in more 
than 30 years. Here is what the study said, coming out of the 
EPA’s Clean Power Plan. 

It will cost us 7,000 jobs, $500 million a year in annual income, 
and the loss of $145 million in state tax revenues for our schools 
and for our teachers. Two weeks ago, I held a telephone town hall. 
We had thousands of Montanans participating with concerns about 
these regulations. 

What do we do? What do we tell the boilermaker union workers 
back in Montana who will lose their jobs? What do we tell senior 
citizens and the working poor who are on fixed incomes and looking 
at significant and huge increases in energy costs as a result of 
these regulations from Washington, D.C.? 

Let us remember the facts and the data. The United States con- 
sumes 10 percent of the coal in the world, 10 percent. Said another 
way, 90 percent is consumed outside of our country. In Montana, 
51 percent of our electricity comes from coal. 

I love Tesla automobiles. I have a friend who has a Tesla. It is 
great to see him plug that into the charging station there in Boze- 
man. But the reality is in the back of that Tesla, let us just say 
this Tesla is powered by coal. That is where the electricity is com- 
ing from to power that Tesla. 

But you think about the United States, about 40 percent of our 
electricity comes from coal. Look at the numbers — 27 percent from 
natural gas, 19 percent nuclear, 6 percent hydro, 4 percent wind, 
and 0.4 percent solar. 

Now with that as background, as we think about the global chal- 
lenges that we face as we look at carbon and so forth, with 10 per- 
cent coming from the United States and 90 percent outside, we 
ought to be making sure this is a global conversation and not uni- 
laterally disarming our economy through these regulations coming 
out of Washington, D.C. 

China is building a new coal-fired plant every 10 days. Japan — 
I used to have an office in Tokyo. I had a private sector job for 28 
years before I came to Congress a few years ago. I had an office 
in Tokyo. Japan is building 43 coal-fired plants as we speak, look- 
ing to the future. 

And yet these regulations, coming out of the EPA, are going to 
absolutely kill our economy and kill our natural resources industry. 

Dr. Christy, in your testimony, you mentioned the importance of 
affordable and accessible energy and the importance to human 
health and welfare. I remind everybody in this room that over 1.3 
billion people in the world today do not have access to electricity. 
What impact will the Clean Power Plan have on greenhouse gases, 
and what impact will it have on the well-being of families? 
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Dr. Christy. First of all, I lived in Africa, and I can assure you 
that without energy, life is brutal and short. The effect that these 
regulations will have will be negligible on both the carbon dioxide 
concentrations in the atmosphere and on whatever the climate 
might do as a result. And we calculated many scenarios in that re- 
gard. 

Senator Daines. And so if it is negligible, negligible — now we can 
quantify the impact on tax revenues, on jobs, on energy prices and 
what that means for, as you said, a negligible impact, and we have 
heard similar kinds of conversations and comments actually from 
the EPA on that very point. Do you realize China — and the New 
York Times was reporting here just a month ago that China has 
been underreporting their emissions by a quantity equivalent to 70 
percent of the total U.S. emissions. That is what their under- 
reporting has been. 

Should we consider such costly remedies as what is going on 
right now with this Clean Power Plan for merely symbolic changes? 

Dr. Christy. Well, if you are asking a State climatologist who 
deals with economic development of poor State, basically, I would 
say no. There is no consequence that is positive that I see in regu- 
lating the energy in this way. 

Senator Daines. Dr. Curry, in your testimony, you explain how 
funding motivates research. The Clean Power Plan not only harms 
workers, but it stifles investments that could lead to innovation 
and make coal cleaner. I would hope that the U.S. would be leaders 
in innovation. Because as we lead in innovation and cleaner tech- 
nologies, we can not only lead our country, we can lead the world 
as we look at the environment here. 

What can be done, in your opinion, to incentivize objective re- 
search that can make affordable energy sustainable? 

Dr. Curry. Well, that is a topic — I mean, I applaud the goal that 
you state. We need to — we need more research and development on 
advanced energy technologies. How to effect that, private sector- 
Government, you know, is a challenge for politicians. I don’t have 
any particular insight as a scientist as to how that might work. 

But in terms of having — you have to allow people to have oppor- 
tunity to fail. And if you are going to look for blue sky technologies 
and something really innovative, you have to have a mechanism 
that allows people to fail. You need maybe three good ideas, and 
this may mean, you know, 50 or 100 of them have to be tried before 
you find a few good ones that are going to work. 

And so pretending that wind energy and at least the current 
solar technology are going to solve the problems is fairly ludicrous. 

Senator Daines. Thank you, Mr. Chairman. I am out of time. 

Senator Cruz. Thank you. Senator Daines. 

Senator Nelson? 

Senator Nelson. Could you call on Senator Schatz? He has got 
a meeting to go to. 

Senator Cruz. Sure. Senator Schatz? 

STATEMENT OF HON. BRIAN SCHATZ, 

U.S. SENATOR FROM HAWAII 

Senator Schatz. Thank you, Mr. Chairman. 

Thank you. Ranking Members Nelson and Peters. 
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Thank you for having this hearing. It gives us an opportunity to 
clarify that climate change is real, it is caused by humans, and it 
is solvable. And only in the four corners of the United States Cap- 
itol is that still being debated. 

It is ironic that we are holding this hearing in the Committee 
with jurisdiction over science because this committee is turning its 
back on the real science. Now I suppose that it is possible that 
what the four people on the left-hand side of this dais are saying 
is true, which is that basically everybody else is wrong, that every- 
body else is wrong. 

But I think it is more likely that 97 percent of the scientists have 
come independently to the same conclusion. Scientists should and 
do receive Federal research dollars based on the merit of their 
work, not on their conclusions. The only reason that so few climate 
deniers or skeptics, whichever you prefer, as a percentage of the 
whole receive Federal support for their research is because the vast 
majority of scientists independently come to the same conclusions 
that the climate is changing due to human activity. 

A review of nearly 12,000 peer-reviewed journal articles over 20 
years found that 97 percent of those articles and 98 percent of sci- 
entists agree that humans are influencing the climate. The vast 
majority of climate scientists around the world will tell you that 
greenhouse gas emissions, primarily from the burning of fossil 
fuels, have increased the concentration of carbon in the atmos- 
phere, which, in turn, has raised average global temperatures. 

Now I suppose everybody could be wrong. In fact, the American 
Academy for the Advancement of Science has said the science link- 
ing human activities to climate change is analogous to the science 
linking smoking to lung and cardiovascular diseases. There may be 
a doctor out there who doesn’t believe there is a connection be- 
tween smoking and lung cancer, but I would keep that doctor away 
from me and my family. 

Just as there is no genuine scientific debate over whether we are 
responsible for changing the climate, there is also no global con- 
spiracy to manufacture data. The skeptics do not know more than 
the National Academies of Science, NASA, the DOD, the CIA, the 
American Chemical Society, the American Physical Society, the 
American Medical Association, the American Geophysical IJnion, 
the American Meteorological Society, the American Society of Plant 
Biologists, and the National Academies of Science from 80 coun- 
tries, the World Health Organization, NATO, and a litany of other 
organizations. 

I, for one, believe that the Department of Defense has to contend 
with what is, not with how we view — how we wish things would 
be. And my question is for Admiral Titley. 

Could you please describe the relationship between CO 2 and the 
atmosphere and global temperature? 

Admiral Titley. Senator, thank you for the question, sir. 

I give some talks to the public on this, and basically, what I tell 
people is what you have asked me is cutting-edge 19th century 
science here. A bunch of old dead white guys figured this stuff out, 
starting with Fourier, Arrhenius, Tyndall. By the time you get to 
1896, we were actually doing calculations of global warming. Now 
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it was with stubby pencil and paper, but we actually kind of fig- 
ured it out. 

So in, you know, basic terms, energy comes in at one wavelength. 
Energy comes back out through the atmosphere at a different 
wavelength. The carbon dioxide and other greenhouse gases actu- 
ally re-radiate that longer wavelength. The short stuff comes in 
from the Sun. The long stuff gets basically bounced around, reab- 
sorbed, readmitted, and that is really good for us. 

If we did not have greenhouse gases, we wouldn’t all be here be- 
cause we would be living on an ice cube. It would be about 59 de- 
grees Fahrenheit colder than it is right now. So greenhouse gases 
provide life on Earth. 

But there can be too much of a good thing, and we have literally 
formed human civilization in a period of wonderful climate sta- 
bility, where we have not been varying either the greenhouse gases 
or much of the other part of the atmosphere. So we have had this 
stability. 

Now as we inject a whole lot of extra greenhouse gases, they are 
just doing what physics does. So they are re-radiating, warming the 
atmosphere, as you talked about, sir. 

Senator Schatz. And tell me about the observations on page 3 
of your testimony. It seems to me that there is a nearly one-to-one 
relationship between global temperatures, CO 2 , fossil fuel consump- 
tion, and sea level and ocean temperature. Is that about right? 

Admiral Titley. Yes, sir. Everybody here at this table knows 
that correlation doesn’t necessarily mean causality, but there has 
been a lot of work shown 

Senator Schatz. How would you establish causality in an experi- 
ment involving our planet? 

Admiral Titley. We only have one planet. That makes it kind of 
tough to run the control case, if you will. So this is what the com- 
puter models help you with. 

Senator Schatz. Thank you. 

Admiral Titley. But we only have one planet. Thank you, sir. 

Senator Schatz. Thank you very much. 

Mr. Steyn. Senator Schatz, could I comment on that? You said 
that the four people 

Senator Schatz. Mr. Chairman, I do have a meeting at 4:30 
p.m., and I did not ask a question of Mr. Steyn. I apologize. I do 
have to go. 

Thank you. 

Mr. Steyn. Well, I would like to make a comment on what 
he 

Senator Cruz. You are welcome to give a response, sure. 

Mr. Steyn. I would like to make a comment on what he said be- 
cause he said these people represent a tiny minority point of view. 
The 97 percent consensus from these papers does not argue for the 
kind of measures that are being discussed here today. 

We are talking about the greatest — just to take the pro-climate 
people at their word, we are talking about the greatest shift in the 
global economy that has ever been contemplated. We hear a lot of 
talk about risk management. This is a hell of a risk. And it re- 
quires — if we are to take these pro-climate people at their word, it 
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would require the greatest societal consensus — left, right, and cen- 
ter — across North America, Europe, and the developing world. 

So to exclude, if you exclude Professor Christy, if you exclude 
Professor Curry, if you exclude Professor Happer, if you exclude the 
French weatherman who basically just lost his job for writing a 
book countering climate change, if you refuse Professor Lennart 
Bengtsson, whose career was destroyed because he wanted to meet 
with a skeptic think tank — the great Swedish climatologist — if you 
exclude the Nobel Prize winner in physics from 1973 and the Nobel 
Prize winner in physics from 1988, you wind up with what has 
happened to climate alarmism, where the polls show the real 97 
percent consensus that only 3 percent of Americans view this as 
their overriding priority. 

The point that Admiral Titley made about things we could do, he 
brought up — he brought up Superstorm Sandy as an example of cli- 
mate change. You know what would have stopped Sandy? If they 
would have built the same storm barrier that the Dutch coast has, 
that the Russians have in St. Petersburg, and that London has 
with the Thames barrier. 

For a couple of billion dollars, you wouldn’t have had water in 
the New York subway. But instead, when we talk about all the sav- 
ing the planet stuff, the flood barrier never gets built. And that is 
what elected legislators should focus on, the real issues involving 
them now, not the pie in the sky stuff. 

Senator Cruz. Thank you, Mr. Steyn. And I would note Dr. 
Titley made reference to dead white guys, and in response to Sen- 
ator Schatz’s question about 97 percent of scientists and this one 
bogus and discredited study, in the year 1615, I suspect if you 
asked, 97 percent of scientists at the time would have said categori- 
cally that the Sun rotates around the Earth. 

And yet an individual named Galileo dared to actually be a sci- 
entist and take measurements and stand up to that enforced con- 
sensus. And I would note it was the Roman Inquisition that 
brought heretics before it who dared to say that the Earth rotates 
around the Sun, and today the global warming alarmists have 
taken the language of the Roman Inquisition, going so far as label- 
ing anyone who dares point to the actual science as a denier, which 
is, of course, the language of religion. It is calling someone a her- 
etic. 

And anytime you hear people saying scientists should not ques- 
tion the conventional wisdom, you are hearing someone advocating 
essentially for the abolition of science. 

Senator Udall? 

STATEMENT OF HON. TOM UDALL, 

U.S. SENATOR FROM NEW MEXICO 

Senator Udall. Chairman Cruz, thank you very much. 

And you know, today we are having a hearing on climate change 
science. And while this is an extremely important topic and great 
for Senators to engage on, I am disheartened by the frame here. 
It is called “data or dogma” is part of this title of this hearing. 

And quite clearly, this hearing was called to inject controversy 
and skepticism into the issue of climate science and research, to 
cast doubt on the work of many scientists, including those at Amer- 
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ican universities in all of our States, the National Laboratories — 
New Mexico has two of those National Laboratories — and the Na- 
tional Academy of Sciences, who have been researching the effects 
of climate change and the impacts that humans are having on the 
climate. 

This year is almost over. It will likely be the warmest year on 
record, and the current record holder, last year, 2014. The impact 
is clear, and people are seeing it all over the world with rising sea 
levels that increase drought. 

The Southwest is in the eye of the storm. In New Mexico, tem- 
peratures are rising 50 percent faster than the global average not 
just this year or last year, but for decades. Through all of this. Con- 
gress has been slow to act. We could be using this time right now 
to push forward on strong, comprehensive energy policies that curb 
greenhouse gas emissions. 

So I want to turn to you. Dr. Titley. I was really interested in 
your role as the lead oceanographer for the U.S. Navy and your 
history of 32 years of service in the Navy. And I have a simple 
question for you. 

Do we have time to waste, in your opinion? 

Admiral Titley. Senator, thanks, sir. 

There is a saying in the Navy, in naval aviation that the two 
things that are of no use to you is altitude above you or runway 
behind you. Right now, we are putting runway behind us. 

Now how much more there is, that is hard to say. But we are 
certainly taking time that we should be using to start mitigating 
this, and actually, some of the other witnesses have brought up 
some things. I think Dr. Curry talked about more research and de- 
velopment for energy. 

We need to transform our energy system. The Federal Govern- 
ment, the Congress can be very, very helpful on that. So, but we 
are not doing that right now, sir, because we have these debates 
that — which is fine. But at some point, we need to do something. 

Senator Udall. And you believe, I think, that it would be very 
prudent to look at the science, which is overwhelming, and we have 
heard the 97, 98 percent and proceed to do something in a bipar- 
tisan way that is constructive and find solutions. 

Were you always convinced that climate change is occurring? 

Admiral Titley. I was — I think there is a YouTube video out 
there or a TEDx talk I did. I talked about I was kind of a skeptic, 
as I think — as the chair introduced me, I have — my degrees were 
in meteorology. You see a lot of day-to-day variation in weather, 
and you also see, when you take a look at weather models, back 
when I started back in the dark ages of the 1970s, after about 3 
days they weren’t really worth very much. 

So it took me, honestly, a while to realize that in weather, it 
really matters about how do you start those models. It is called ini- 
tial conditions, for the science folks. Whereas the climate models 
really work on boundary conditions. It is like how much energy is 
coming in? How many greenhouse gases do we have? Where are 
the continents? Where are the oceans? 

And you realize that, and this is why the climate models are use- 
less at telling you what it is going to be like today or tomorrow, 
things like that. But they are pretty good at the overall trend. 
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So when I looked at that and when, frankly, I was asked by the 
Chief of Naval Operations, Admiral Gary Roughead, to look at this 
for the Navy, I just said, well, what does the evidence show? And 
that is where it really — I came to it. 

So, you know, I am probably like the reformed smoker. But it 
was really just simply looking at all these independent lines of evi- 
dence. That, to me, said we have got an issue here, and we are 
going to have to do something. 

Senator Udall. And Doctor, the evidence is right behind you on 
that chart. That is the evidence you are talking about. 

Admiral Titley. Just one 

Senator Udall. Yes, one data point, but 

Admiral Titley — to have a chart like that for the rising seas and 
for many, many other lines. Yes, sir. 

Senator Udall. And do you believe science has progressed on cli- 
mate, on climate change? 

Admiral Titley. I think the evidence has shown that science in 
many fields and including climate, it is not a nice linear process, 
but fits and starts. So when you take things like, you know, wheth- 
er it is different observation techniques, I mean, there is a paper 
that just came out — I think I saw a day or two ago — from NASA 
measurements, talking about maybe more snow in Antarctica. We 
are going to have look at that, but that is interesting. 

So we get these ups and downs. But overall, and we have seen 
this in the IPCC and many other conclusions that the level of con- 
fidence that the basic theory of greenhouse gases from the 19th 
century is, in fact, correct. 

Senator Udall. Thank you. 

Thank you, Mr. Chairman. 

Senator Cruz. Thank you. Senator Udall. 

Senator Markey? 

STATEMENT OF HON. EDWARD MARKEY, 

U.S. SENATOR FROM MASSACHUSETTS 

Senator Markey. Thank you, Mr. Chairman, very much for hav- 
ing this hearing. 

And hopefully, this will go better than Galileo because Galileo 
was put under house arrest. Dr. Titley, in 1633. And the Catholic 
Church did not issue an apology to Galileo until 1992. So we wish 
you a long life so that 359 years from now, you can get the apology 
you deserve for actually using scientific data to back up your argu- 
ments here today. 

2014 is the warmest year ever recorded. Is that correct. Dr. 
Titley? 

Admiral Titley. Yes, Senator. That is what I understand. 

Senator Markey. That is what you understand. Now what would 
that be based on? Science? 

Admiral Titley. A whole lot of thermometers, yes, sir. 

Senator Markey. Whole bunch of thermometers. A very, very so- 
phisticated technology. So this is going back to the beginning of the 
measurement of the temperature of the planet using thermometers. 
So that goes back to 1880, 1870. 
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Now I am told that the first 6 months of this year are the warm- 
est 6 months ever recorded on the history of the planet. Is that cor- 
rect? 

Admiral Titley. Yes, sir. And I think that now extends to the 
warmest November as well. So we are up to 11 months and count- 
ing. 

Senator Markey. The warmest October and the warmest Novem- 
ber now ever recorded using thermometers, the same measurement 
for about 150 years right now. Very clear calculations that have 
been made. And so, so I guess we are pretty much 150 years into 
the 359 years to getting kind of the apology from those who are the 
deniers. 

Now, you know, in Paris right now we have got just about every 
single scientist in the world, every country in the world is there, 
all saying the planet is dangerously warming and that the cause 
of it is human activity. Even the Pope said that it is dangerous, to 
name a Jesuit who taught high school chemistry. You actually get 
somebody who says that, you know, it is happening, and it is 
caused by human beings and that there is a moral responsibility 
to do something about it. 

So this panel that we have in this committee, this last redoubt 
of denial on the planet, of all the countries on the planet, this last 
place, you know, has the flip of witnesses that have every other 
place. We have four here who deny it and one who believes in the 
science. 

And so we clearly here are at a historic moment, and there will 
be a day when you get your apology. Dr. Titley, for being kind of 
the sacrificial lamb here, like Galileo, standing up for actual 
science. And so what we have here is just one of the clear national 
security challenges of our time. Just as we were focused on pro- 
tecting the planet from the threat of Communism in the 1950s, we 
need to be focused on protecting the planet from the threat of cli- 
mate change now. 

We sit here in the Space, the Science, and the Competitiveness 
Subcommittee, which has oversight over NASA. We should all be 
cognizant of the fact that NASA was established in 1958 when this 
country felt the very real threat of Communism. If we had ignored 
that threat in the 1950s, America wouldn’t be the leader it is today. 

And it was in response to the threat of Communist domination 
in space when 53 years ago President Kennedy announced the am- 
bitious goal of sending an American safely to the Moon. He told us 
that we would need a giant rocket made of new metal alloys, some 
of which had not yet been invented. It would have to be fitted to- 
gether with a precision better than the finest watch, and it would 
have to be returned to Earth safely at speeds never before reached 
by humans. And it would all have to be done in less than 8 years. 

President Kennedy urged us to be bold, and America responded 
to his call not by saying it couldn’t be done, not by denying the 
threat, but by boldly putting our scientists and our engineers to 
work protecting our Nation and the world. 

Today, a growing global danger lies in the cascading impacts of 
climate change. Temperatures are increasing. Sea levels are rising. 
More extreme rains are falling. The ocean is becoming more acidic. 
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And all of this has consequences for people, public health, and for 
prosperity. 

That is why our national security, military, and intelligence lead- 
ers have warned that a changing climate can worsen the tensions 
that are fueling terrorism and conflicts around the world. More 
than 50 years ago, we looked to the scientific community to help 
protect our Nation from Communism. Today, the same scientific 
rigor we used to send astronauts to space is used to evaluate our 
changing climate. 

And just as President Kennedy urged our Nation to be bold in 
the space race, the global community is meeting in Paris right now 
to hold bold action to protect our climate. But the Republicans’ 
message to the world is, Houston, we do not have a problem. And 
that is the wrong scientific message. 

They are once again questioning the integrity of the scientific 
community and the basic scientific principles behind climate 
change. The truth is the only thing that requires a serious sci- 
entific investigation is why we are holding today’s hearing in the 
first place. 

Climate science stands on a foundation of more than 150 years 
of research, laboratory experiments, demonstrated carbon dioxide 
traps heat in the same year that Charles Darwin published on the 
Origin of the Species. So we should listen to the planet’s doctors. 
The more fossil fuels we burn, the more carbon pollution we put 
in the air, the higher the risk for catastrophic climate con- 
sequences. 

But the Republicans’ response to this existential challenge is to 
insist that the brightest minds of the United States of America who 
once figured out how to send a man to the Moon and bring him 
back safely can’t possibly figure out how to generate energy from 
anything other than burning the cane plants that have been sitting 
underground since the time of the dinosaurs. 

But we all know that failure is not an option. There is no planet 
B. We must solve this problem. The science dictates that we solve 
this problem. It is time to stop denying the science and start de- 
ploying the climate solutions. 

Admiral Titley, we have heard a lot about temperature measure- 
ments today. When I am feeling sick and I go to the doctor, she 
takes my temperature. But the doctor always checks my blood 
pressure, listens to my heart and lungs, and looks at my ears, eyes, 
and throat to get a broader assessment of my health. 

This chart behind me is NOAA’s assessment of the Earth’s cli- 
matic vital signs. Yes, temperatures are going up, but so is the 
heat in the ocean, the sea level, and the humidity. And snow and 
glaciers and Arctic Sea ice are going down. 

Do you agree. Dr. Titley, that a wide range of independent obser- 
vations indicate that the planet is warming and the climate is 
changing and that there are no emergency rooms for planets, and 
we have to engage in preventive care? 

Admiral Titley. Yes, sir. 

Senator Markey. What would you say is the basis for your deci- 
sion? Is it based on data, or is your answer based on dogma? 

Admiral Titley. It is based on the evidence, sir. 
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Senator Markey. It is based on the evidence. And I agree with 
you, Admiral, and I thank you so much for your service to our 
country, both in the active Navy and here today before this com- 
mittee. 

Thank you, Mr. Chairman. I yield back. 

Senator Cruz. Thank you. Senator Markey. 

Senator Nelson? 

Mr. Steyn. Dr. Curry wanted to respond to the Senator 

Dr. Curry. Is it possible for me to respond? You basically 

Senator Markey. I did not ask for — ask you a question. 

Mr. Steyn. Really? Why can’t she respond. Senator? 

Dr. Curry. Yes, I was 

Senator Cruz. Dr. Curry, you are welcome to 

Mr. Steyn. You impugned her integrity. I think she is entitled 
to 

Senator Cruz. You are welcome to respond. Dr. Curry. 

Dr. Curry. I was basically called a denier, that I am denying 
science. Did you read my written testimony? Are you aware that 
the IPCC and the consensus has no explanation for the increase of 
ice in the Antarctic? Are you aware that they have no explanation 
for the fact that the rate of sea level rise from 1920 to 1950 was 
as large, if not larger, as it currently is? 

Are you aware that temperatures have been warming for more 
than 200 years and that in the 20th century, 40 percent of the 
warming occurred before 1950, when carbon dioxide was not a fac- 
tor in the warming. OK. And I could go on and on. Many of these 
issues are raised in my written testimony. 

And most of it is pulled from the IPCC itself. The IPCC has an 
explanation for — so it says, for warming during the period 1975 to 
2000. It doesn’t have an explanation for the flat period since 2000. 
It doesn’t have an explanation for the early century 

Senator Markey. Dr. Mair, as I just said in my — Doctor, as I just 
said in my testimony, corroborated by Dr. Titley, this is the warm- 
est year ever recorded. Last year is the warmest year ever recorded 
until this year. This is the warmest November ever recorded. Octo- 
ber is the warmest October ever recorded. 

You do not have an answer for that. Dr. Mair. You continue to 
ignore the chart, which Dr. Titley has over his left shoulder. He 
has documented for this committee the warming trend, which is in- 
exorable, inevitable in terms of its consequences unless we take ac- 
tion here. 

That is the science you are having a hard time in responding 
to 

Dr. Curry. No, the issue 

Senator Markey. — here. Dr. Mair 

Dr. Curry. The issue is what is causing the warming? Is it nat- 
ural variability, or is it humans? 

Senator Markey. Like Galileo, he said, no, the science 

Dr. Curry. Are you aware 

Senator Markey. The science — the science is clear. You are de- 
pending upon something that perhaps is God made rather than de- 
pendent upon something that is manmade, which is anthropogenic 
and documented by 97 percent of all of the scientists 
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Mr. Steyn. Are you saying there is no natural variability, Sen- 
ator? 

Senator Markey. What I am 

Mr. Steyn. There were alligators at the North Pole. What was 
that? Was that you in your SUV? 

Senator Markey. What I am saying is that this warming is 
something that while it may have a variability year to year in spe- 
cific parts of the planet, that the trend is straight up. 

Mr. Steyn. Yes, do you know what — do you know what the Little 
Ice Age was. Senator? 

Senator Markey. And again, it is climate change. We had 110 
inches of snow in Boston last year, with measurements of water 21 
degrees warmer than normal off of the coast of Massachusetts, OK? 
This was an unusual event for us. 

The warming of the ocean intensifies the amount of precipitation 
when Arctic air hits that water. Now if you want to deny that, if 
you want to ignore that these changes are taking place and that 
they are having a dramatic impact, then you are in the right place. 
You are in the right 

Mr. Steyn. Do you know what the winters were like at Plymouth 
Rock? Do you know what the winters were like at Plymouth Rock, 
Senator? 

Senator Markey. Well, here is the thing. We 

Mr. Steyn. You don’t. How long has your family been in Massa- 
chusetts? 

Senator Markey. We are new arrivals, and I have to admit 

Mr. Steyn. You should have been there in 1750. 

Senator Markey. The Irish weren’t arriving in 1750. So I apolo- 
gize for being late to the country, and I will have to chastise my 
grandparents for not leaving until the economic conditions in 1902 
forced them here. 

But that notwithstanding, there is as much consensus that man 
is causing climate change as there is in Galileo’s original theory, 
and all which 

Mr. Steyn. What percentage of climate change is man causing. 
Senator? 

Senator Markey. Excuse me, sir? 

Mr. Steyn. What percentage of climate change is anthropogenic? 

Senator Markey. Well, according to the scientists who are in 
Paris right now, which would fill pretty much the entire space of 
the building in which we are in right now, and the number of 
deniers would still be the ones who are 

Dr. Curry. Are you aware 

Mr. Steyn. What percentage. Senator? 

Dr. Curry. Are you aware of a recent survey of the professional 
members of the American Meteorological Society? When asked the 
question how much is the recent changes natural versus human 
caused, 52 percent of the membership said it was majority human 
caused. 

Senator Markey. Dr. Titley? Dr. Titley, could you respond to 
that question in terms of what you believe is the amount of warm- 
ing that is relatable to human activity? 

Admiral Titley. Thanks, Senator. 
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Right now, there is — as has been pointed out, there are natural 
variations, things like volcanoes, things like changes in sunlight. 
And then there is something called internal variations, and these 
are the oscillations or basically the back-and-forths of the ocean 
currents. So even if you had no change and forcing. 

But what we are doing is we are changing and forcing, and I 
think the IPCC has come down pretty strong, along with multiple, 
multiple National Academy panels, saying that the human-caused 
forcing is very, very significant. That doesn’t mean there isn’t nat- 
ural variability. It doesn’t mean there is not internal variability. 

But the human-caused forcing is very significant, and that is, I 
think, what we need to deal with. 

Senator Cruz. Thank you. Dr. Titley. 

Senator Nelson? 

Senator Markey. And could I just make — I agree with you, and 
I agree with this Pope. I disagree with the Pope in 1632. This Pope 
is correct, and we have a moral responsibility to act. 

Thank you, Mr. Chairman. 

Senator Cruz. Senator Nelson? 

Senator Nelson. Thank you, Mr. Chairman. 

My approach to this is a little more “coolly aloof’ and look at 
facts. Admiral, the chart behind you, is that a measurement of sur- 
face temperature? 

Admiral Titley. Senator, thank you, sir. 

It is near surface temperatures. Basically, it is about 10 feet 
above the — you know, 6 to 10 feet above the surface. So for all in- 
tents and purposes, it is surface temperatures. 

Senator Nelson. That surface temperature would reflect that 
heat, most of which is absorbed by the oceans. Why don’t you give 
us your perspective on that as an admiral? 

Admiral Titley. Thanks, sir. 

The oceans are absorbing roughly 90 percent, nine zero percent 
of the excess heat. What I have told people is that if you think of 
the — ^you know, when you study climate, try to get more and more 
oceanographers involved, and the oceanographers are certainly in- 
volved because that is where the action is, that is where the heat 
is. It is sort of like why did Willie Sutton rob banks? It is where 
the money was. 

So the heat is in the oceans, and then the atmosphere is sort of 
the tail on the dog. The atmosphere gets sort of driven, ups and 
downs, depending on what the ocean is doing. So the heat is in the 
ocean, sir. 

Senator Nelson. And when water is heated, what happens to it? 

Admiral Titley. It expands. 

Senator Nelson. Right. And therefore, that would indicate a rea- 
son why we are seeing sea level rise? 

Admiral Titley. Yes, sir. 

Senator Nelson. Not just the melting of glaciers and that addi- 
tional displacement of water, but mainly from the absorption of the 
oceans, which cover two-thirds of the Earth, of the heat — the ab- 
sorption of the heat. Is that right? 

Admiral Titley. Yes, sir. The scientists would call it thermal ex- 
pansion. It is the expanding of the water. 
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Senator Nelson. Are you familiar with the satellite, it is really 
not a satellite, it is a spacecraft named Discover that was put up 
earlier this year at a Lagrange point a million miles from Earth 
between the Earth and the Sun? 

Admiral Titley. Yes, sir. I think it is at what the scientists 
would call LI. 

Senator Nelson. That is correct. There is an instrument — there 
are four main instruments on that spacecraft, but there is an in- 
strument that looks back continuously at Earth to measure the 
heat in and heat out. 

If in addition to our surface temperatures and other instruments 
that measure, if we get the total amount of heat being radiated 
into the Earth’s atmosphere and we measure the total amount of 
heat coming out and subtract one from the other, we should be able 
to have a very precise measurement of the amount of heat that is 
trapped in the Earth’s atmosphere? 

Admiral Titley. Yes, sir. 

Senator Nelson. OK. Now this heat that is trapped in the at- 
mosphere, the Sun’s rays come in, and normally, when they hit the 
Earth’s surface, some are absorbed, but some radiate back out into 
space. Is that correct? 

Admiral Titley. Yes, sir. 

Senator Nelson. If there is something trapping that heat from 
being radiated back out into space, you naturally would start to 
have the heating up of the Earth’s atmosphere, and you, as a cli- 
matologist, would you speculate that that would be gases such as 
CO 2 and SO 2 ? 

Admiral Titley. Senator, yes. I mean not as a climatologist, but 
just basic — basic physics. There are greenhouse gases that re-radi- 
ate or trap, as you said, the heat, and that actually allows us to 
have life on Earth. Yes, sir. 

Senator Nelson. So that could be another reason that reflects 
why the surface measurements are showing the chart that you 
have? 

Admiral Titley. As we increase the greenhouse gases, the tem- 
perature should come up. And that is what we are seeing. Yes, sir. 

Senator Nelson. Would you answer one more question, and we 
have not covered this today. The Department of Defense is quite 
concerned about the heating up of the Earth because of the impli- 
cations for our national security. Would you trace a few of those for 
us? 

Admiral Titley. Yes, sir. So the Department of Defense, in their 
2014 Quadrennial Defense Review, they talk about climate change 
really in three ways. They talk about increasing risk of conflict and 
instability overseas, the impacts of Department of Defense oper- 
ations on operations people in installations, and also the impact of 
stability, development, human security, and other nations. So that 
was in 2014. 

Later on in 2014, the Department of Defense, they released their 
Climate Change Adaptation Roadmap. Really, that assessed cli- 
mate change. It directed the department to assess climate change 
impacts on infrastructure, commissions, and activities; fully inte- 
grate climate considerations across a full range of department mis- 
sions and activities; collaborate with partners internal and external 
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to better understand what is going on; and also a bureaucratic 
part, they designate a climate change officer. 

If I may, sir, just one more thing. Just a few months ago, the ge- 
ographic combatant commanders released an assessment, a report 
to the Congress. So these are the four-star admirals and generals 
who have direct control over the operating forces. They report to 
the Secretary of Defense and President. 

They had four issues, primarily issues. Persistently recurring 
conditions, such as flooding, drought, higher temperatures. More 
frequent and more severe extreme weather events that may require 
more humanitarian assistance and disaster relief, or support — de- 
fense support of civil authorities here in the United States. 

The sea level rise and the temperature change, greater chance of 
flooding in coastal communities, adverse effects impacting naviga- 
tion safety, damages to infrastructure, displaced populations. And 
then, finally, the Arctic. As the Arctic changes, that is a whole cat- 
egory to itself 

I will stop there, sir. But those are just some of the more recent 
documents that the Department of Defense has released concerning 
climate change. 

Senator Cruz. Thank you. Senator Nelson. 

All right. We are going to have a second round, and then the 
hearing will conclude. 

I want to start with Dr. Curry. When Senator Markey was ha- 
ranguing you, he said that you had no response to his assertion 
that 2014 was the hottest year on record. Am I correct that NASA 
stated that that assertion, that 2014 was the hottest year on 
record, that they had a 38 percent level of confidence in that, which 
means that 62 percent or substantially more likely than not 2014 
was not the hottest year on record? Is that an accurate statement? 

Dr. Curry. Yes, basically, 2014 was, according to the NASA/ 
NOAA datasets, in a statistical tie with 2010 and 2005. The U.K. 
dataset, which has, I think, more credible error bars on their 
dataset, found that it was in the top 10 warmest years. They 
couldn’t fine-tune it anymore than that, given the great uncertain- 
ties in the reconstruction of global surface temperature data. 

And I think the uncertainty levels are really too low on all of 
those estimates, in my opinion. 

Senator Cruz. And indeed, NOAA included 2014, 2010, 2005, 
2013, and 1998, five different years as potentially being tied for 
being the warmest? 

Dr. Curry. Correct. 

Senator Cruz. The last hearing I chaired when Mr. Mair, who 
should have been sitting next to you, testified, he told the Sub- 
committee, “Our planet is cooking and heating up and warming.” 

Does the evidence and data we have been discussing support the 
assertion that the planet is cooking? 

Dr. Curry. Not cooking, no. 

Senator Cruz. And indeed, another reference was made by Sen- 
ator Markey to the measurements. Now I would note none of the 
Democratic Senators who participated in a press conference earlier 
today saying how dare you ask the data, not a single Democratic 
Senator addressed the satellite data. Not a single Democratic Sen- 
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ator addressed the fact that for 18 years there has been no signifi- 
cant warming recorded. 

Because, I suppose, it is contrary to their computer model and 
to their political desire to massively increase Government control 
of the economy and impose trillions of dollars of cost on people who 
can’t afford it. But let us turn to the different measurements, not 
the satellite data, and if we can put up the next two charts? 

These next two charts are from the United States Historical Cli- 
mate Network. These are the measurements of the thermometers 
that are measuring climate change. And these in particular record 
the adjustments that NOAA has done to the climate data. 

Chart on the left you can see that between 1900 and 1960, 
NOAA made relatively few adjustments, and they were relatively 
minor. And then we see that for the more recent years, they have 
been adjusting them upwards. And the adjustments consistently 
are upwards. They are never adjusting downward. 

Now the chart on the right likewise looks at the raw numbers 
are on the top. The raw numbers demonstrate a fair degree of uni- 
formity. But the adjusted numbers, the old temperatures are cool- 
er, and the new temperatures are warmer. 

Dr. Curry. Well, the different — there is a number of different 
groups who do global temperature datasets, and they have different 
methods for dealing with spatial representativeness, missing data, 
changes in temperature, measuring instrumentation, adjusting for 
the time of day, all sorts of different adjustments that they make. 
And the adjustments, as you can see, are rather huge, OK? 

So should we — so, to me, the error bars should really be much 
bigger if they are making such a large adjustment. So we really 
don’t know too much about what is going on in terms of, you know, 
it is a great deal of uncertainty. Yes, I do believe that we have 
overall been warming, but we have been warming for 200, maybe 
even 400 years, OK? And that is not caused by humans. 

OK. There is natural variability involved. And this is exactly 
what has not been sorted out. 

Now the ocean — the ocean temperature is the current focus of 
controversy. I mean, the land datasets are sort of starting to agree, 
but there is a great deal of controversy and uncertainty right now 
in the treatment of the ocean temperatures. And that has not been 
sorted out. 

And so especially looking in the recent period, if we are trying 
to sort out what is going on with the hiatus or the pause, we need 
to look at the satellite data. I mean, this is the best data that we 
have and is global, and we need to sort out the differences between 
the satellite and the surface observations. And then there is the 
numerical weather prediction reanalysis data simulation systems 
that give us a global view, and we haven’t been really using that 
for climate purposes, and I think we need to. 

So the work is just starting in terms of trying to sort this out. 
And we don’t have 

Senator Cruz. Now, Dr. Curry, you said something very impor- 
tant there in that you said the satellite data are the best data we 
have. Can you explain, as a scientist, why that is the case? 

Dr. Curry. Well, it is global coverage. It is not a simple measure- 
ment. You have to do, you know, a retrieval and weighting func- 
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tions, and it is a complex problem. But it is reasonably well cali- 
brated and consistent over the last 30-ish years. 

Senator Cruz. And not a single Democratic Senator had any re- 
sponse to the satellite data that demonstrates their entire theory 
of global warming for 18 years hasn’t been happening? 

Dr. Curry. Yes. I mean, we need to sort this out rather than ig- 
nore it. I mean, this is what I am concerned about. 

Senator Cruz. And Mr. Steyn, you look like you want to make 
a comment. 

Mr. Steyn. Yes, I 

Senator Cruz. I want to ask a question on this because you also 
are quite familiar with the cooking of the books 

Mr. Steyn. Right. 

Senator Cruz. — of the hockey stick, and indeed. Dr. Curry, you 
mentioned Climategate and the scientists receiving a whole lot of 
funding to conclude global warming was occurring and then adjust- 
ing their results to reflect that. I would note if you systematically 
add, adjust the numbers upwards for more recent temperatures, 
wouldn’t that, by definition, produce a dataset that proves your 
global warming theory is correct? 

And the more you add, the more warming you can find, and it 
just — you don’t have to actually bother looking at what the ther- 
mometer says. You just add whatever number you want? 

Mr. Steyn. No. That is what is fascinating about this. Could you 
just tell me the left-hand data on your chart. Senator? What is it? 
I can’t quite see it from here. 

Senator Cruz. On the left 

Mr. Steyn. On the right-hand chart, the blue and red line, what 
is the 

Senator Cruz. In both of them, it is 1900. 

Mr. Steyn. 1900. So you look at the blue line, you look at the 
red line, this is the adjustment of figures that is going on. 

Senator Cruz. Yes. 

Mr. Steyn. What has happened since the global warming pause 
is that the public does not trust the alarmist establishment to tell 
them what the climate will be like in the year 2050. What that 
chart shows is why the public is moving to a new position now 
where it doesn’t even trust these Federal agencies to tell them 
what the climate was like in 1950 or 1920 or 1900. 

And that is interesting. If these adjustments are merited, if an 
adjustment in the official recorded observed temperature because 
Gavin Schmidt at NASA wasn’t standing out by the thermometer 
in the year 1920, but he suddenly decides a century on — what are 
we now, 95 years on — the 1920s temperature needs adjusting, that 
tells you how uncertain the science is. 

I would also like. Senator, just to say a word about this whole 
national security thing because I have never heard anything quite 
so ridiculous. We are a country in which we have an enemy over- 
seas who so-called radicalizes suburban couples in California who 
go out and kill people. But we are planning now for global security 
threats a century hence because the Maldives might have been 
swept away by water by then. 
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The entire population of the Maldives are all Sunni Muslim. So 
they will fit in perfectly fine if they all move to this Brussels sub- 
urb that produced the shooters in Paris. 

But the biggest — climate change is irrelevant to the long-term 
patterns. And I cannot tell you how absurd it is to be talking about 
climate change as a security threat compared to, say — just to pluck 
at random — population. In 1920, the British Isles and British West 
Africa had the same population, about 45 million people for Eng- 
land, Scotland, Ireland, Wales on the one hand and what are now 
Nigeria, Sierra Leone, Ghana, the Gambia on the other hand. 

Now the British Isles has a combined population — England, Scot- 
land, Ireland, Wales — about 69 million, and British West Africa 
has a population of 250 million. So the security threat is exactly 
what we see in Europe at the moment that Niger, a country that 
can’t — that has increased its population by 50 percent in this cen- 
tury, since the year 2000, and had millions of starving people al- 
ready that it couldn’t feed and is expected to increase its popu- 
lation tenfold by the end of the century, and all those people are 
just going to get on a boat and walk into Italy, Greece, Spain, Por- 
tugal. 

And the idea that somehow climate changes impact on that is ab- 
solutely trivial to the remorselessness of those numbers. And I un- 
derstand that governments find it easier to deal with cloud-cuckoo 
fantasyland, saving the planet type issues. But this is a complete 
waste of time for an already-beleaguered Defense Department hav- 
ing difficulty fighting the wars it is actually in right now in Af- 
ghanistan and Iraq and elsewhere suddenly dealing with sea levels 
in the Maldives in the 22nd century. 

It is completely preposterous and complete waste of time. 

Senator Cruz. So I will leave that aside for a moment. 

[Laughter.] 

Senator Cruz. And simply observe if we look to the satellite data, 
we see for 18 years no significant recorded warming. We see no re- 
sponse from the Democratic Senators. 

If we look to the raw data, according to the raw data, 1940, it 
appears from this chart, the 5-year mean temperature was higher 
than it is in recent time. But once you adjust it, if you subtract 
from the old temperatures and add to the new ones, then you can 
have measurements that reflect your theory. 

Dr. Happer, you wanted to comment on this? 

Dr. Happer. Yes, I just wanted to say one more thing about the 
satellite data, and that is that they are cross-calibrated with 
weather balloons all over the world. And so it is not simply a cou- 
ple groups measuring satellites. There is a quality check that goes 
on, and there is no similar check for the surface data that I know 
of 

Senator Cruz. It is a very good point, and indeed. Dr. Christy’s 
chart, as he described, was an average of several measurements of 
both the satellites and the weather balloon. 

If we could move to the next two charts, I want to — the final line 
of questioning I want to address is the effect of censorship, of dog- 
matism, of intimidation. So both of these come from barack 
obama.com, a website I will admit I don’t spend a lot of time perus- 
ing. 
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On barackobama.com, the President of the United States is 
issuing a call, “Call out the climate deniers. Too many of our elect- 
ed officials deny the science of climate change. Along with their 
polluter allies, they are blocking progress in the fight against cli- 
mate change. Find the deniers near you. Find the heretics and call 
them out today.” 

And indeed, they show a number. And I will say when I first 
looked at that chart, I was quite disappointed. I thought I was 
omitted, but then I discovered I am, indeed, included, along with 
a number of other elected officials. Indeed, I might note, a number 
of elected officials. 

What does it do to scientific debate when anyone who dares ques- 
tion political ideology is branded a denier and a heretic? What are 
the consequences in the academic world when that occurs? Dr. 
Curry? 

Dr. Curry. There is a chilling effect, OK? People keep their 
heads down. They look for opportunities just to do something else 
and to move on, retire, get out of the business. I have talked to any 
number of scientists who have done this, recent Ph.D. recipients on 
up to very senior scientists. It has a very chilling effect. 

As a tenured scientist who is relatively senior, I felt sufficiently 
secure to speak out. But younger scientists, scientists who are not 
tenured, fear for their jobs. They have mortgage payments, what- 
ever, and you know — and kids to support. They can’t afford to 
speak out. 

The social contract currently between the Obama Administration 
and climate scientists is if you say alarming things, you will get 
plenty of funding. That seems to be how it is working. And that 
is very, very pernicious for science. 

Senator Cruz. And do you get funded 

Dr. Curry. I am 

Senator Cruz. — if you are researching anything other than the 
orthodoxy of global warming alarmists? 

Dr. Curry. I am no longer applying for government grants. I 
can’t get funded to do anything I want. 

Senator Cruz. Let me speak more in the aggregate. Does one get 
funded? If one is a scientist and one — ^you know, I recall being back 
in high school and studying science, the scientific method that you 
started with a hypothesis, and then you look to evidence to prove 
or disprove the hypothesis. And often disproving it is the more use- 
ful thing to try to do. 

Do those who are actually trying to disprove the hypotheses — 
mind you, the hypotheses that will drive up the electric bills and 
the cost of living for millions of Americans, will hurt people who 
are struggling, will hurt single moms, will hurt Hispanics, will hurt 
African Americans. Does anyone doing any research that might 
contradict the political dogma, are they at all likely to get funding? 

Dr. Curry. OK. The funding — the issue is this. The funding 
agencies do a call for proposals or an announcement of opportunity, 
and they are already implicitly assuming that human-caused cli- 
mate change is dangerous. There is not even an opportunity or 
something that even makes sense to submit a proposal. 

Senator Cruz. All right. 



113 


Dr. Curry. So that is the real prohlem. So a lot of the skeptical 
research is really being conducted hy independent scientists who 
are not asking for any Government funding. 

Senator Cruz. OK. So my final two questions. One of the letters 
that the minority has submitted into the record is a letter from the 
American Association for the Advancement of Science. A sentence 
within that letter. 

“We are committed to the principle that scientific inquiry and 
open scientific communication, regardless of field of study, should 
proceed unhampered by intrusions on academic freedom.” 

Now that is a noble-sounding statement and one that I — with 
which I agree emphatically. I want to ask the members of the 
panel, how does that noble sentiment comport with the call from 
our colleague Democratic Senator Sheldon Whitehouse that anyone 
who dares dispute the global warming alarmist orthodoxy should 
face criminal prosecution under RICO? 

Are those two statements somehow compatible, that you can 
have academic freedom and robust debate when you have got poli- 
ticians saying we will criminally prosecute you as a racketeer if you 
dispute our political orthodoxy? 

Dr. Curry. Well, that statement by Science, the AAAS is really 
a myth because about 2 months ago, well, maybe 3 months ago, the 
editor of Science, Marcia McNutt, had an op-ed in Science that said 
the debate is over. Urgent action needed, essentially. And this was 
the editor of Science, which is the flagship journal of the American 
Association for the Advancement of Science. 

When an editor of a scientific journal makes a statement like 
that, it gives all of the editors a license to completely ignore any 
publication that is submitted that questions a consensus, and this 
is the real pernicious thing that is going on. So right now we are 
more ruled by the RICO mentality than we are by those lofty senti- 
ments expressed by the American Association for the Advancement 
of Science. 

Mr. Steyn. Senator, you said your parents were, I think, mathe- 
maticians, statistical modelers. We have had a lot of talk today 
about climate science. I compiled a book that you were kind enough 
to mention the title of, and what was fascinating to me about that 
book was that climate science evolves. Twenty years ago, it was ba- 
sically a branch of — 30 years ago, physical geography. Now it is ba- 
sically computer modeling. 

Yet at the same time, the majority of statisticians who look at 
the climate models think they are grossly unprofessional. Mathe- 
maticians and statisticians who look at the — at the way these cli- 
mate models and the way the hockey stick were constructed are not 
onboard with it at all. A majority of engineers are not onboard with 
it. A majority of physicists, non-climate physicists are not onboard 
with this. 

So this idea that climate science is this hermetically sealed spe- 
cialty that is sealed off from the rest of the world is nonsense. Cli- 
mate science, there is — you have dendrochronology types. You have 
statistical modeling types. And there are elements of all in the 
work that they do. But certain people — mathematicians, engineers, 
statisticians — are not onboard with this. 
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And Judith mentioned — Judith mentioned Science magazine. Na- 
ture magazine went even further. They are the two most pres- 
tigious science journals on the planet, Nature and Science. And Na- 
ture printed a statement recently from a group of climate scientists 
who said, “Climate justice,” climate justice is more important than 
democracy. 

So that the fake 97 percent consensus is no longer enough. The 
fake 97 percent consensus of so-called climate scientists now has to 
trump the 51 percent of the electorate. 

No science in history has conducted itself like this, and it would 
be unrecognizable to Sir Isaac Newton or Charles Babbage or the 
Curies to see a self-sustaining, malign, politico science nexus sup- 
porting itself and excluding all other voices. It is at odds with sci- 
entific inquiry across the centuries. 

Senator Cruz. Let me — in 2009, August 31, 2009, then-Senator 
John Kerry, as I discussed in my opening, said, “Scientists project 
that the Arctic will be ice free in the summer of 2013. Not in 2050, 
but 4 years from now.” The nice thing about this is, unlike theories 
that can’t necessarily be disproven, this is actually a statement 
that can be tested by actual facts and evidence. 

Dr. Happer, was it, in fact, accurate in the summer of 2013 the 
Arctic was ice free? 

Dr. Happer. No, it certainly wasn’t ice free. But if I could follow 
up on something my colleague just said, this dogmatism is not un- 
precedented. If you look at the Soviet Union, for 30 years, Lysenko 
had complete control over biology. You got fired or worse if you 
didn’t agree with his brand of biology. 

And that was finally brought to an end, partly because of people 
from other fields. For example, Andrei Sakharov, the inventor of 
the Soviet hydrogen bomb, led some of the opposition because he 
had enough stature to stand up and push back. 

But most people were afraid. So there was a state of fear that 
was actually quite a bit worse than that associated with climate 
science right now. It is a good lesson to remember. 

Senator Cruz. And my final question. Dr. Titley, based on your 
three decades serving in the Navy, do you agree with President 
Obama, who said holding a global warming summit in Europe was 
a powerful rebuke to the ISIS terrorists who just committed a hor- 
rific act of terrorism in Paris and, indeed, likewise in San 
Bernardino? 

Admiral Titley. Senator, thanks, sir, for the question. 

The way I describe these geostrategic risks of climate change, cli- 
mate is the risk, and it makes the threats, threats such as ISIS 
worse. So this doesn’t — this is not an either/or. It is not a false 

Senator Cruz. But I am asking your judgment as a military man 
if you agree with President Obama that holding a global warming 
summit was a powerful rebuke to the ISIS terrorists? I find that 
statement absurd on its face. 

I am asking, based on your military judgment, do you agree with 
the President? 

Admiral Titley. We have to address both, sir. Thank you. 

Senator Cruz. From your declining to answer, I take it that the 
inference of that is that your answer is no? 
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Admiral Titley. My answer is, sir, we have to address both the 
risk of climate change and the threat of ISIS. 

Thank you. 

Senator Cruz. Thank you. 

Senator Peters? 

Senator Nelson. Mr. Chairman, I am going to go first, with your 
permission. 

Senator Cruz. Senator Nelson? 

Senator Nelson. And Mr. Chairman, I might say, just sup- 
porting the Admiral, sea level rise is a threat to an area such as 
Bangladesh. It would cause a huge — it will cause a huge displace- 
ment of population, which will cause turmoil, which is the condi- 
tions that are ripe for extremists to exploit. 

So there are answers to that, and I would just conclude my re- 
marks by saying, you know we have been talking about censorship 
here. Mr. Chairman, you are my friend, and as you know, I am re- 
spectful to you and the other Senators. I find it somewhat ironic 
that we are talking about censorship against those that speak 
against climate change when, in fact, it has been exactly the oppo- 
site over and over. 

And it was so much so that we saw examples where various lev- 
els of government said that you couldn’t even use the term “climate 
change” that I offered an amendment in March in front of the full 
Senate. A majority voted for my amendment, including two Repub- 
lican members of this committee. Senator Rubio and Senator 
Ayotte. 

And so when we start talking about muzzling of scientists, I 
think we better watch out how we are talking about which side is 
trying to do the muzzling because that amendment to prevent muz- 
zling of scientists on the subject of climate change, it actually had 
a majority, and it was a bipartisan majority that voted for it in the 
Senate. 

Thank you, Mr. Chairman. 

Senator Cruz. Thank you. Senator Nelson. 

Senator Peters? 

Senator Peters. Thank you, Mr. Chairman. 

And I certainly have enjoyed the hearing and the testimony, but 
actually, to pick up on comments by Senator Nelson about muz- 
zling, certainly that didn’t occur in this hearing. We heard from 
three witnesses, scientific witnesses, as well as the political com- 
mentator about issues related to climate change that represented 
a particular point of view that is not shared by the vast majority 
of the scientific community, has been very clearly demonstrated in 
numerous documented studies, the 97 percent figure, for example, 
that has been documented by a number of studies. 

So I was curious. We had three folks testifying with concerns 
about the science. And if you look at it in a ratio of 97 folks, we 
had 3 scientists who had some questions who represent not 60 per- 
cent of the scientific consensus. We have Mr. Steyn, the political 
commentator, which I know if we had all the political commenta- 
tors on both sides of the issue, it would be a lot more than one out 
of five, I am sure. It would probably fill several rooms here. 

Dr. Titley, you were here by yourself But if we put it in perspec- 
tive, we had the three that took this perspective, and I think there 
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is probably — I don’t know if there is 100 people in this room, but 
probably everybody else in this room would have a different posi- 
tion. 

Certainly, as policymakers, this is about leadership. It is about 
making decisions. It is about someone who has to make decisions 
that are going to impact the country. 

Dr. Titley, we talked about military commanders that have to 
make decisions based on intelligence reports and best estimates of 
the risk involved and then weigh that against the potential con- 
sequences. That is exactly what we have to do here in this com- 
mittee. It is what we have to do as U.S. Senators is that we have 
to listen to experts. 

I am not a climatologist. I rely on climatologists to give me infor- 
mation and then make policy decisions based on that. And often- 
times, it is — this is about weighing, weighing the opinions of folks, 
and in this case, the scales of justice are weighing are clearly on 
a side different than what we have heard from four of the five wit- 
nesses. 

So today you had that opportunity to present that view and in 
a very unbalanced way. It would have been great if we could have 
had 100 scientists and had 97 telling us one thing and the 3 of you 
something else. That is not what we had, but I think it is impor- 
tant to keep that image in mind. 

And if we are going to be serious policymakers that are going to 
make decisions that are going to impact this country and are going 
to impact the world, we have to make decisions based on expertise 
from those who understand this science better than anyone. And 
that is where I come. I try to come from a dispassionate side. Let 
us listen to the science. Let us listen to folks who are experts. 

And that is why I am disappointed that we didn’t have a more 
balanced hearing, but I certainly appreciate your testimony. Dr. 
Titley. And I would like to just ask you a few questions related to 
that because we heard quite a bit about satellite data. And Chair- 
man Cruz had a line of questioning related to that. 

And I am concerned that from listening to that, people might 
think that satellites are just basically thermometers in space run- 
ning around. We know that that is not the case. In fact, I would 
like to enter into the record, Mr. Chairman, this report that is a 
2006 Synthesis and Assessment Report of the U.S. Climate Change 
Science Program. 

And it really underscores the difficulty in using satellite data in 
that it is a complex numerical model that converts satellite obser- 
vations to — in order to determine temperature. If we could put that 
in, I would appreciate it. 

Senator Cruz. Without objection, it will be entered in the record. 

[The information referred to follows:] 
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Previously reported discrepancies between the amount of warming near 
the surface and higher in the atmosphere have been used to challenge the 
reliability of climate models and the reality of human>induced global warming. 
Specifically, surfoce data showed substantial global-average warming, while 
early versions of satellite and radiosonde data showed little or no warming 
above the surfece. This signifKant discrepancy no longer exists because errors 
in the satellite and radiosonde data have been identified and corrected. New 
data sets have also been develt^ed that do not show such discrepancies. 

This Synthesis and Assessment Product is an important revision to the 
conclusions of earlier reports from the U.S. National Research Council and 
the Intergovernmental Panel on Climate Change. For recent decades, all 
current atmospheric data sets now show global-average warming that is 
similar to the surface warming. While these data are consistent with the 
results from climate models at the global scale, discrepancies in the tropics 
remain to be resolved. Nevertheless, the noost recent observationai and 
model evidence has increased confidence in our understanding of observed 
climatic changes and their causes. 
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Report Motivation and Guidance for Using 
this Synthesis/Assessment Report 

Authors: 

Thomas R. Karl, NOAA: Christopher D Miller. NOAA; William L Murray, STG, Inc. 


A priman ot^iivc of iltc U. S. Cliniaic Cliaiigc Sci- 
ence ProgRini (CeSP) is lo pros idc ihc best possible 
scicniiric iiirormaiion to support public discussion and 
govcmnicM and private sector dcciskm-iiekiiig on kc> 
climaic-iclaied issues. To iKip iwct thisobjecihc. the 
CeSP has idciuiricd an initial set of 21 sviHhcsis and 
assessment products that address its highest prioriiv 
research, observ ation, and decision-support needs. 
This Symhcsis/AsscssnKM Report, tite nisi of the 21 
Reports, focuses on understanding ilic cniscs of the 
reported differences between indcpcndcnih produced 
data sets of alntosplicric tcii^icftiliitc trends from iIk 
surface through iltc troposplicrc to live lower siraio- 
S|riicrc. 

This topic is rcicv ant to policy -makers bcausc picv i- 
ous discrepancies between surface and tropospheric 
temperature obscrvaiioRS challenged tlic correctness 
of climate mode! simulations and Ihc reality of green- 
house gas-induced global warming As described in 
the Executive Summary, considerable progress has 
been made in resolving mam of these earlier discrep- 
ancies. 

Background 

McasurcnKffls of global surface air temperature show 
subsianiial increases over live past several decades. In 
the carh 1990s. diia from ilic Naiiona] Oceanic and 
AimospiKric Adminisiraiion's (NOAA's) polar oibit- 
ing satellites were anniv/cd for nuilii-decitdal trends 
These initial analyses indicated that global-mean 
icmpcratuiesin tlic troposphere showed little or no in- 
crease. inconirusi w ithsurfaccair measurements from 
ships, land-based wciMlicr stations, aixl ocean buoys. 
This result led some to question ilic reality and/or tlic 
cause of reported global-mean surface icinpcraturc 
increases, ontitc basis iIkii human inriucnccs. tliought 
to be iiuponani contributors to observed cliangc. were 
expected to increase icmpcralurcs both at the surface 
and in the tropospitcre. with the largest increases 
expected in the tropical troposplicrc. This tod to an in- 
tensive effon by climate sciemisis to better understand 


ilie causes of the appiircni dirferciKes in tlic reported 
rates of icinpcraturc clnngcs between iltc surface and 
Ilic iroposplierc 

Scientists analy zing ilic data knew that there were 
complex and unresolved issues related to inadequacies 
of observ ing » stems that could lead to misleading 
impressions or inisinlcrprclalion of llie data. Tlierc 
were also unccruiiniics in our understanding of how 
Ihc climate might respond lo various fotcii^s. as is 
oRcn assessed through the use of climate models In 
an attempt lo resolve these issues, in 2(>UO the National 
Research Council (NRC) spccirically addressed ilic 
issue of iciiqicrature trends in tlic troposphere and at 
iIk surface. In its Report, the NRC concluded iIgU ~lhc 
wanning trend in global-mean surface lempcniiiirc 
observations during tiK past 20 years is undoubtedly 
real and is substantially greater than the average rate 
of wanning during the twentieth century . The dispitr- 
ity between surface and upper air ircitds in no way 
im alidaics iIk conclusion that surface temperature has 
been rising “ Tlic NRC fiinlicr found iliai corrections 
in Ihc Microwave Sounding Unit <MSU) processing 
algonihnisbrouglu Ihc satclliic data icconJ imo sliglaly 
closer aligmnciM w iili surface temperature trends. TIkv 
concluded that iIk substantial disparity that remained 
probably reflected a less rapid warming of tlic tropo- 
sphere linn tlic surfiicc in rcccM dcccndcs due to both 
natural and human-induced causes. 

In 2001. the Inicrgovcrnincnial Panel on Climate 
Change (IPCO Third Assessment Report devoted 
additioiul attention to new atulyscs of tlic satellite. 
wciUlicr balloon, and $urr:icc daUi to cvahialc Ilic differ- 
ence III icmpcraiurc trends between the surface and ilw 
troposplicrc. Similar to liic NRC. Ihc IPCC concluded 
that it was very likely ihat the surface icmpcraiurc 
increases were larger and differed significatulv from 
tcmpcRiiiirc tncicascshi^rin Ihc troposphere. They 
concluded, ‘‘during the past two decades, ilic surface, 
most of tlic troposplicrc. and the straiospltcrc have 
responded difTercmIy to climate forcings because 
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difTcrcK pin siRil processes Ivnc domiinicd in each of ihc 
regions during ihni linK** (IPCC. Climaic Change 2(>ni: 
The Scieniiric Basis. Clnpter 2. p. 122*123; Cambridge 
Universiiy Press). 

Focus of this SynChesis/Assessment 
Report 

The enbris of ihc NRC and iPCC (o address unccrL'iiniics 
about lire teniperaiure siruciiirc of lire loner atniosphen; 
(Le., from iIk surface through the (oner siraiospltcrc) ha\c 
helped mov e us closer to a comprclicnsi\ c iindcrsuiiiding of 
obsers ed trends of icnipcniturc Ahliough these documciMs 
pros ided a great deal of useful inforination. full resolution 
of the issue nas Ivimpcied by the cwupicNiiies of the climaic 
system coupled n iih slioricomings of Ihc axaihiblc obsers* 
ing systems. To more fully address remaining fundamental 
questions, a broader exainiiiaiion hits been undertaken Itcre 
toansvicr the folloniiig questions: 

1) Win doicmpcTaiurcsvary xcnicalK (from the surface to 
the siraiosplicre) and xxivit done understand about nin 
they might x ary and cliar^ oxer lime? 

2) WIvit kinds of atmospheric temperature vanations can 
ilic current obsen ing sy stems itreasure and xxhai are 
their strengths and limitations, both spatially and tern* 
porallx? 

.3) What do obsenations indicate about the cliangcs of 
temperature in iIk atmosphere and at the surface since 
the adxent of measuring icmpcmiurcs vertically? 

4) Wlui is our understanding of ilic cotunbuiion ireidc by 
obsenational or mclhodologicai uncertainties to Ilic 
ptcx ioiislx reported xerlical difrcrcnccs in icmpcialurc 
trends? 

5) Hon xxcllcanihcobscrxcdxertical temperature changes 
be reconciled with our understanding of ilw causes of 
tlKsc changes? 

6) What measures can be lakcn to improxe ilic understand- 
ing of observed cliangcs? 

These qucstwiis prox idc llic basis for ihc six iniiin cleiptcis 
in this Sx nthcsis/Asscssmcnl Report (tltc chapter numbers 
correspond to llic question numbers aboxc). TIkx highliglit 
scxeral of the fundamental uncertainties and differences 
bcinccn and nithin the tndividuni componciMsorilic exist* 
iitg obscrxalionai and modclitqi; systems. The responses to 
Ilw queslioitt are xxriiten in a style consistent xviih ma)or 
auilioriiaiixe international scientific asscssmenis (e.g.. 
IPCC asscssiiicnis. and tlw Global O<^oiw Research and 
Monitoring Project of the World Meteorological Organi/a* 


Preface 

lion ( WMO|) The Executive Summary , xxhich presents the 
key findings from the mainbodx ofthc Report, is intended 
to be useful for iliosc inxohcd xxiili policy -related globiil 
climaic chiingc issues. The Chapters supporting ilw Exccu- 
lixc Summary are \x riiicn at a more technical Icxei suitable 
for non-climaic spccialisis xx ithin tlw scwnlific comiiiiiniix 
and xxcil'infomwd lay aiidictwcs 

The Synthcsis/Asscssnwni Report is structured so as to 
oompartnwntali/e. ns much as possible, the ansxxers to each 
of Ilw si.x questions (aboxc). Hoxxexer. gixen tlw intercon- 
nected nature of tlw questions, this is not cniirelx possible, 
or desirable Occaskmallx lopicscxiraiwousioapeiriwular 
chaptcrare nwniioncd in passing to make an important point 
or alert tlw reader to sonw issuc(s) coxcred elscxx Iwre in the 
report Houcxer. as a general rule, in the interest of brev- 
ity this report docs not alxxax s cxpliciily refer tlw reader to 
anotiwr chapter. TTw reader is adx iscd to keep this in mind 
and refer to Table I (iw.xlpage.>forguidaiwconlocalinglhc 
discussion of pariicutar issues. 

To Iwlp ansxxcr the qiwslions posed, climaic model simula- 
tions of icnipcraliire chimgc based on lime histories of im- 
portant forcir^ factors Ikixc been compared u iih obsened 
teniperaiure changes. It is recognized thai in a sy stem 
containing inicnully gciwraicd xariaiions. it is unrealistic 
to expect models to exactly replicate obsen ed cliangcs If 
ilwcnscniblc of simulations replicates important aspects of 
Ilw obsened tempo mi ure changes (e.^. global mean, iropi- 
cal nwan) this increases confidence in our iindcrsianding of 
tlw obsened icmpcniiure record and reduces unceriaiiMics 
about projected cliangcs. If nol. then this implies that Ihc 
lime histories of Ilw imporiant forcings are not adequately 
known, all of Ihc iinporiani forcings are nol included, the 
processes being siinulaicd in the models haxc flaxxs. tlw 
obsenational reconI is incorieci. or sonw combtniMion of 
these factors is present 

This CeSP Sx nihcsis/Asscssineiii Report assesses the 
unccriainiics associated xxiih the data used to dcicrmtiw 
changes of icmpcraiurc. and xxlwilwr such cliangcs arc 
consistent xxiih our understanding of climaic processes. 

This requires a detailed comparison of obsenations and 
climaic models used to simulate obsened cliangcs. iiwlud- 
ing an appreciation of xxhy icnipcmiiircs iiitghi respond 
dirTercnlh at Ihc surface compared lo various layers higher 
in tlw atmosphere. 

This CeSP Report also addresses the accuracy and consis- 
tency of llw temperature records and outlines steps neces- 
sary to reconcile differences bctxxccn indix idual data sets. 
Understanding exactly lioxx andxvhx there are dirfcreiwcs in 
Kmpcmiiirc trends reported by several analy sis teams using 
dilTcreni obsen alkm sx stems and aaily sis methods isa nee- 
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Table I. Guide to readers to Identify Chapter emphasis. The Executive Summary ties together all these 
aspects of Che Synthesls/Assessment Report. 
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cssun step in rcsoK ing pio ioush identified discicpancics 
bcluccn obsen alioiis and model sinmliilions. 

New observations and analyses 
since the IPCC and NRC Reports 
Since iIk IPCC and NRC assessments, there lia\c been 
inieitsneelTorts to create new sniclliie and »cailKr balloon 
data sets using a Ringc of approaches Ha\ ing mullipic iro* 
posplKHC icinpcraiurc data scis proii ides the opporiuniiv for 
niucli greater iindcrsiaiKling of observed cliangcs and Ihcir 
unccriainh than was possible in ilic prcvioiis assessments. 
In .nddiiion. for the first lime, a suite of models simulaiing 
observed climate siiKC 1979 <u lien saiciliic diita bcgjin) has 
prov ided a unique opportiiiuiv to imciKoniparc observed 
iieiids from v ariousdata sets with model siniulaiioiis using 
various scctnrios of historical climate forcings. Taken to* 
gctlKr. tlicsc advances lead loa greater understanding of ilic 
issues TIk processor producing (his Repon lias stimulated 
additional research and anah sis on these topics, and licipcd 
to move the science forward 

Hus Report includes reocni anah scs of iind corrections to 
data sets lliat liave iKlpcd resolve inconsistencies among 
obscnational data sets and bcivvceii observations and 
models. Hie science of upper air icinpcniiurcs is a rapidiv 
cvolv ing field Duriiig ihc preparation of this Report, new 
findings were publisticd and arc now iiKludcd in (lie cur* 
fcm draft. For cxaiiqjic. a recent article dcmonstniicd an 
error in tlic mctliod used in liic onginal saicllitc data $ci to 
correct fordiuraal cvek errors due to satellite orbital dnfl 


When corrected, the data set v icided greater w arming in tiK 
lower Iroposphcic Since it was possdilc for Ihc error to be 
rccitficd fairly quickly, a new version of this data set was 
ov ailiriric fortius Report At Ihc same lime, another research 
learn produced its first version of satellite-derived lower 
iroposplcrk icmpcfaturcs. and yet anoilicr team updated its 
iroposplicric icmpcraiiiic tune series All these results arc 
included in this Report and arc compared to a suite of recent 
climaic model simulations The authors certainly expect 
dial new data and discoveries Ihiii follow iIk release of this 
Report will further improve our iiiidcislanding 

Factors that guided die authors in the selection of die cli* 
iiiiiic records considered cxicnsivciv in this Report were 
(a) publication heritage, (b) public av ailability, (c) use by 
die scientific conimiinity at-large, (d) updates ona monthly 
basis, and (c) period of record beginning in 1979 or earlier 
Hk climaic records considcied In this Report arc also global 
in scope' 


> M<nl analvMv aMkri«k«n lo dale have «>nt»«kred lempcralure 
Imidv ■! ihe |l«twl vcale or larac-wsioMl >ule iV jr. the liufMcv) 
Ikcouw ibit repofi «av charged uiih OMewing Ihc carienl Wale 
of Ihe tcicBcc. il altn neecawrilv fiKinet o« ibew Urge tcalee II 
i* Ql these scales that Ihe afipareni dtscrepaicws in lempcralure 
■fends were firsl refM>rled We also cunenllv hove aicist capehilrlv 
ID simulahng climate al these males UiUil w« con reconcile oar 
uiHkistonding on ih« vetv large scales, liiite scienliric value will 
be added b^ cponsideriug (iner regional delaiU This does nolimplv 
lhal fuiure onatyies should nnl constder finer regumal scales (o* n 
cumplele vaderviandiagof reUlive tcmpemlufe ircmhot Ihc MirUce 
and tn ilie tivposphcre 


VII 




129 


The U S. Ckna* Change Science Progw 

The three surface niehscs Ihai ucre used have main pub- 
lications iliai describe tlicir construction mciliods Tltesc 
diila sets arc readily asailablcandarcuklcly used. Tnoof 
the three saiclliic data sets used, uhilc rclatheh recent, are 
based on a henta^w of pubiisiKd versions that hav c incorpo- 
raicdncn adjusimcnsasdiscoNcricshavcbccnmadc Each 
of these data sets alkms ready access to the public and lias 
been used in several research publications A third, more 
recently developed data set has been updated during tlic 
piepiimiion of this Report. TVso data sets used note based 
on neat licr balloon data. One of iliescdaia sets publicly ap- 
peared in 2005. but ilic auiliors luid made ilic preliminary 
v ersions and nKihodology av ailable to scicntrsisas early as 
2(N)2 and hav c built upon the cMensivc experience acquired 
from prev ions versions of iIksc data sets. Another data set 
hasa hcriuigc daiiitg back several decades and was rccciMh 
updated 

The models sciccicd for comparison vvilhobscrv airons neic 
those models :iv ailiiblc to the author team during iIk course 
of this assessment. They represent the siaic-of-ihc-scicncc 
from every major global climate modeling center in the 
world. The model simulations sciccicd include a large frac- 
uonofiliosc ilvii were runforthc Fourth Assessment Report 
of the IPCC. due lobe piiblisitcd in 2007. TIk simulations ate 
freely available, and details tcgaiding access to llic model 
data can be obtained from the Program for Climate Model 
Diagnosis and inlcrcomparison <hlip;//uuvv pemdi llnl. 
gov/ipcc/bboui_ipcc pitp). The data used in this report arc 
also openly available and a list of web sites where llicy can 
be obtained is included in Cliaplcr 3. 

How Co use this 
Synthesis/AssessmenC Report 

This Report promises to be of significant v ahic to deci- 
sion-makers. and to iltc expert scientific and stakclioldcr 
communities. Readers of this Report will find iltai new 
observations, data sets., analyses, and cli male model simula- 
tions CKibled Iltc Author Team to resolve many of tlic issues 
noted by tlic NRC and tlic IPCC in their earlier Reports. Tliis 


Preface 

Sy iitlicsis/Asscsstncm Report already Ins liad an rniportam 
impact on the coment of the draft to the Fourth Assessment 
Report of iIk IPCC. due to be published in 2007 

This Sy ntlicsis/Asscssincni Report exposes tlic rcmatniitg 
differences among differcni observing systems and data 
sets lehMcd to recent changes in iroposplicric and strato- 
spheric tcinpcmiurc Discrepancies beivveen iIk data sets 
and Iltc models liave been reduced and our undcrsiandir^n 
of obsened cliniuicclungcsaiid ihcircauses has increased 
Given this, ilicic is no longer sufficiciM cv idciicc to conclude 
llnl there exists any notable discrepancy between our un- 
derstanding of recent global average tcmpcniiurc citattges 
and model simulaiioits of tltesc cltangcs. This nrpicscius 
a cluitige from conclusions of earlier reports (see .nbove) 
and sltoiiM constitute a valuable source of infoniuiiion to 
policy makers. 

In addition, we expect Iltc inromiation gcncmicd here will 
be used both nationally and internationally, e.g., by iIk 
G lobal Climate Observing System (CCOS) Atmosphchc 
CXiscrvaiion Panel to liclp idcnitfy cfrcciivc way s to reduce 
obscn ational iinccrlainly. The findings regarding observa- 
tions and compcinsons between models and obsen aiioiis of 
lower stratospheric temperature trends iwiy also be useful 
for future WMO/Umicd Nations Environment Programme 

(UNEP)0/onc Assessments 

Some terms used in the Report may be unfamiliar to lliosc 
w it hoiii training in meteorology . a glossary and list of acro- 
ny ms is included :H the end of ilic Report In addition. Tabic 
2 on page X defines the terminology used in this Report for 
the kiycrs of tlic atmosphere 

To integrate a wide varKly of information, tins Report also 
uses a lexicon of terms (Sec Fig. 1 ) to express die team's con- 
sidered judgment about Ilic likelihood of results Confidence 
III results is highest at each end of tlic spectrum Unless 
qualified by these expressions of likcliliood. all staiciiKiiis 
arc implied to be certain. 
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The Synthesis/Assetsment Product Team 

A full list of ihc Aullior Team (in addition to a list of lead 
atNhors pro\ ided at iltc beginning of each Chapter) ts pro* 

\ kled on page II of this Repon The Atiihor Team Com en* 
ing Lead Authors (CLAs). Lead Authors (LAs), and Chief 
Editor uctc consiuuied as a FedemI Adv isors Committee 
that was charged with adv ising titc CCSP on the scieniiric 
and technical content of Ihc Report Coninbuting Atiilxirs 
(CAs) pros ided relevant input used in ilic dev dopment of llic 
rcpon. but CAs ulio were not also LAs or CL As did not par* 
iicipate ill ilic Federal Adv isors Comniitice (FAC) commit* 
tee deliberations upon vv hich this Sv nihesis and Assessment 
Product vsasdcsclopcd The lenuindcrofilw EdiioriaJ Staff 
res iewed iltc scicniine/icchnical input and maaaged the as* 
senibh. formatting and preparat ionof ilie Report. Tic focus 
of this Report follows the Prospectus guidelines dcs eloped 
bv Ilic Climate Cltangc SctciKC Program and posted on its 
ucbsilc at hilp/Avuu.climaicscicnccgos. 



Figur* 2. Th« Itluitnclon thowt ch« liy«rs oT th« atmosphvr# of primary intureK to thrt Synthms/Aitetrmtnt Rtport. The 
mulD*eolor«4 tin* on this ^gram indicaws th« variations in wmp«ratur« with attitude. Th« taW* on the totowing page defines the 
terminology used in this Report (or the layers of the atmosphere. 
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Table 2. Abbreviated terms: Subscript ‘'S." refers to the Surface. Subscripts "2" and ‘'4'' refer to MSU data 
from channels 2 and 4. Subscript “2LT" refers to a modification of channel 2 data to focus more directly on 
the *ower Troposphere and reduce the influence of stratospheric temperatures on channel 2 data. Subscripts 
■’850-300” and “100-50" are specific atmospheric layers sampled by radiosondes. Subscnpt "•G" refers to a 
combination of channd 2 and channel 4 data derived by Fu and co-workers, applicable to global averages, and 
'’*T" refers to applicable tropical averages. For the model-observation comparisons, the observation-based 
definitions were used as listed In the Table. 



Common Term 

Abbreviated 
Term for the 
temperature of 
that layer 

Main region of 
Influence 

Approiimate altitude. (For 
satellite products: altitude 
range of bulk (90%) of layer 
measured) 

Lower and upper 
pressure level 
boundaries 

Surface 

Ts 

Air Just above 
surtice 

Water: Shallow 
depch 

Surface Air: LaiKl: 1.5 m above 
surface: Ocean: ^ip deck- 
height (5 - 25 m) above surface 
(NMATs). 

Surface Water: 

1 • 10 m depth in ocean (SSTs) 

Surface (or *-1000 
hPa 

at sea level) 

Lower 

Troposphere 

1- 

Lower to Mid- 
Troposphere 

Sfc - 8 km 

Sfc -350 hPa 

Troposphere 

(radiosonde) 

TsSO-JOO) 

Troposphere 

1.5 -9 km 

850 - 300 hPa 

Troposphere 

(satellite) 

T*g 

Troposphere 

Sfc -13 km 

Sfc -150 hPa 

Tropical 

Troposphere 

(satellite) 

T*t 

Troposphere 
(tropKS only) 

Sfc - 16 km 

Sfc - 100 hPa 

Mid Troposphere 
to Lower 
Stratosphere 

Ti 

Mid and Upper 
Troposphere to 
Lower Stratosphere^ 

Sfc - 18 km 

Sfc - 75 hPa 

Lower 

Stratosphere 

(satellite) 


Lower Stratosphere 

14 -29 km 

l50-l5hPa 

Lower 

Stratosphere 

(radiosonde) 

T(|00.50) 

Lower Stratosphere 

17-21 km 

100 - $0 hPa 


I Only about lOX of Uiis byor cxtonds mco Che lower ttratotphere. 


X 
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Comrenjn; Lcod Author: Tom M. LWigley. NSF NCAR 
Leod Authors: V. Ramaswarry. NOAA: J.R. Christy. Unfv. of AL 



in Huntsville: Lanzance, NOAA; C A Mears. Remote Sensing 

Systems: 6.D. Santer. DOE LLNL: C.K. Fol)and.U.K. Met Offke 


Abstract 

Previously reported discrepancies between the amount of warming 
near the surface and higher in the atmosphere have been used to 
challenge the reliability of climate models and the reality of human- 
induced global warming. Specifically, surfxe data showed subsuntial 
global-average warming, while early versions of satellite and radiosonde 
dau showed little or no warming above the surface. This significant 
discrepancy no longer exists because errors in the satellite and 
radiosonde data have been identified and corrected. New data sets 
have also been developed that do not show such discrepancies. 



This Synthesis and Assessment Product is an important revision to the conclusions of earlier reports from the US. 
National Research Council and the Intergovemmental Panel on Climate Change. For recent decades, all current 
atmospherK data sets now show global-average warming that it similar to the surface warmmg. While these data are 
consistent with the results from climate mcKlels at the global scale, discrepancies in the tropics remain to be resolved. 
Nevertheless, the most recent observational and model evidence has increased confidence in our understanding of 
observed climaik changes and their causes. 


NEW RESULTS AND FINDINGS 


This Report is concerned with temperature changes in the atmosphere, differences in these changes at 
various levels in the atmos^ere, and our understanding of the causes of these changes and differences. 
Considerable progress has been made since the production of reports by the NRC and the IPCC in 2000 
and 2001. Data sets for the surface and from satellites and radiosondes (temperature sensors on weather 
balloons) have been extended and improved, and new satellite and radiosonde data seu have been de- 
veloped*. Many new model simulations of the climate of the 20th century have been carried out using 
improved climate models^ and better esomates of past forcing changes, and nunserous new and updated 
comparisons between model and observed data have been performed. The present Report reviews this 
progress. A summary and expbnation of the main results is presented first. Then, to address the issues in 
more detail, six queuions that provide the basis for the six main chapters in this Synthesis and Assessment 
Report are posed and answered in Sections I through S below. 

The importanc now rosuUs prosentod In this Report include: 

Global Average Temperature Results 

> For observations since the late l9S0s. the start of the study period for this Report, the most recent 
versions of all avaibbic data sets show that both the surface and troposphere have warmed, while the 
stratosphere hascooled^. These changes are in accord with our understanding of the effects of radiative 
forcing agents* and with the results from model simulations. 


■ For etMilioinewotiMiwildaM ««• TaUeS.I InChopMr 3. 

1 For deialli erf new modeh and model iMnuUUom ««« Chapior S and ht(p/iwww-p(mdi.S>rfci**'^S>«^'’"xl**''i°<u''wnuiion. 

1 We use Itie words ~warmln(~ and ~cooNn(* here to refer lo temperature ncreasel or decreases, at is common usa|e- Tochni> 
caljr. theee words refer to changes m heal coniem. which may occur through changes in either the moisture content andtor the 
Wmperatureof the atmosphere. When we Mr Utal the a(motpherehatwaimed(or cooled) over a gfwn period. Chn means that 
there has been an overall posstne (or nepiive) temperature change based on a hnear trend analysis. For more on the use of hnear 
trends. Incfudlng a dwcuiaion of their strengths and weaknesses, sea Appendoc A. 

* The mam natural forcing agents are changes m solar ouipul and the effects of exptosive volcanic eruptions. The mam human- 
•tduced {"anthropog e nic") factors arc the enussions of greerrfioute gases (eg. carbon dwotide (CO^). methane (CH^. netrow 
ordde [N]0)): aeios^ (tiny Aoplels or partkfes such as smoke) and the gases that lead to aeroserf lormalioo (most imporianlly. 
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Executive Summary 


• Since the late 1950s. alt radiosonde data sets show that the low and mid troposphere have 
warmed at a race skghtly (auer chan the rate o( warming at the surface. These changes are 
m accord with our understanding of the effects of radiative forcing agents on the climate 
system and with the resuks from model simulations. 

• For observations during the satelbtc era (1979 onwards), the most recent versions of all 
available data sets diow that both the low and mid troposphere have warmed. The major* 
rty of these data sets show warming at the surface that is greater chan in the troposphere. 
Some of these data sets, however, show the opposite • tropospheric warming that is greater 
than that at the surface. Thus, due to the considerable disagreements between tropospheric 
data sets. It is not clear whether the troposphere has warmed more than or less than the 
surface. 

• The most recent climate model simulations give a range of results for changes in global-average 
temperature. Some models show more warming in the troposphere than at the surfxe. while 
a slightly smaller number of simulations show the opposite behavior. There is no fundamental 
inconsistency among these model results and observations at the global scale. 

• Studies to detect climate change and attribute its causes using patterns of observed tem- 
perature change in space and time show clear evidence of human influences on the climate 
system (due to changes in greenhouse gases, aerosols, and stratospheric oxone). 

• The observed patterns of change over the past 50 years cannot be explained by natural pro- 
cesses atoned rwr by the effects of short-lived atmospheix constituents (such as aerosols 
and tropospherK ozone) alone. 

Tropical Tomporacuro Rasulcs (20*S to 10*N) 

• Ahhough the majority of observational data sets show more warming at the surface than in 
the troposphere, some observational dau sets show the opposite behavior. Almost all model 
simulations show more warming In the troposphere than at the surface. This difference be- 
tween models and observations may arise from errors chat are common to all models, from 
errors in the observational data sett, or from a combination of these betors. The second 
explanation is favored, but the issue is still open. 



Mifur dH9Kie«>. me clui^ In IwbJ cower and land WM (M« Chupter I. Table l.l). Since tbeae perturbwiom act (e 
drtwe or '‘(orce" chanfei «i climate, they are relcrrcd lo as *'forungt~- Tropo^iheric ocone [0|). whKhn not emit* 
teddvectly.lsihoaiiimportaMgreenhouiagas.Tropoipherk eionachary« occw throti|hihee(nitslomoi|asei 
U« carbon monoaode. Miroten oxidM and votaida or|anic compounds, which, by them w hei. tn not important 
cHrocily as greenhouse |aiet. 

* "Natural procetaet" here refers to the eflecit ol natural externd forcing agems such as volcanK erupuons and 
solar vanabbty. amVor mternatty generated variability. 
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EXPLANATION OF FINDINGS 


These results for the globe and for the troptcs tharactcrite important changes m our under* 
standing of the details of temperature changes at the surface and higher in the troposphere. In 
2000 and 2001. the NRC and the IPCC both concluded chat giobaUavcntge surface temperature 
increases were larger and differed significantly from temperature increases in the troposphere. 
The new and improved observed data sets and new rwadel simulations that have been developed 
require modifications of these conclustons. 


The issue of changes at the surface relative to those in the troposphere is important because 
larger surface warming (at least in the tropics) would be inconsistent with our physKal under- 
standing of the climate system, and with the results from climate models. The concept here is 
referred to as “vertical ampfification” (or. for brevity, simply "amplifKation"): greater changes 
in the troposphere would mean that changes there are “amplified'' relative to those at the 
surface. 

For global averages, observed changes from 1 9S8 through 2004 exhibit amplification: i.«.. they 
show greater warming trends in the troposphere compared with the surfoce. Smee 1979. how- 
ever, the situation is different: most data secs show slightly greater warming at the surface. 

Whether or not these results are in accord with expectations based on climate models is a com- 
plex issue, one that we have been able to address more comprehensively now usmg new model 
results. Over the period since 1979. for global-average temperatures, the range of recent model 
simulations is almost evenly divided among those that show a greater global-average warming 
trend at the surtice and others that show a greater warming trend aloft. The range of model 
results for global average temperature reflects the influence of the mid- to high- latitudes where 
amplification results vary considerably between models. Given the range of model results and 
the overbp between them and the avaibble observations, there is no conflKt between observed 
changes and the results from climate models. 



In the tropics, the agreement between models and observations depends on the time scale 
considered. For month-to-month and year-to-year varaiions, models and observations both 
show amplification (l e., the monih-to-monih and year-to-year variations are brger aloft than at 
the surface). This is a consequence of rebtively simple physics, the effects of the release of latent 
heat as air rises and condenses in clouds. The magnitude of this amplification is very similar in 
models and observations. On decadal and longer time scales, however, while almost aB model 
simulations show greater warming aloft (reflecting the same physical processes that operate on 
the monthly and annual time scales), most observa- 
tions show ^ater warming at the surface. 

These resuhs could arise either because“real world" 
ampliAcacion effects on short and long time scales 
are controlled by different physical mechanisms, and 
models fail to capture such behavior: or because 
non-climatK influences remaining in some or all of 
the observed tropospheric data sets lead to biased 
long-term trends; or a combination of these factors. 

The new evidence in this Report bvors the second 
expb nation. 
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Executive Summary 



When all forcings 
are consickred. 
we expect the 
troposphere to 
have warmed and 
the stratosphere to 
have cooled since 
the late l9S0s. 


I. HOW DO WE EXPECT 
VERTICAL TEMPERATURE 
PROFILES TO CHANGE? 

Why do temperatures vary ver* 
ticaily (from the surface to the 
stratosphere) and what do we 
understand about why they might 
vary and change over time? 

This question is ;idditsscd in both ClKipier 1 
and Clcipicr 5 of this Repon. 

In response lo ihis question. Cltipicr 1 notes 


(1) TtMfCRATuitES Vary Vertically 

The global icnipcrmiirc profile of the Earth's 
atmosphere reflects a balance bcl^^ccn ra* 
duitnc. comectivc and dsnantical heating 
and cooling processes in the surfacc-aiino- 
sphere s>stciii. Radiation from the Sun is 
tlic source of cnerg) forihcEarth'sclimatc. 
Pin steal properties of ilic aiinosplKrc and 
(h nainical processes mi.% lieat venically 
and Itori/ontally. yielding the liiglicst icm* 
pcniurcs. on average, at liic surface, nith 
marLcd seasonal and spatial variations. 
In the atmosphere above the surface, the 
distribution of moisture and the lower air 
pressure at progtessiveh higher altitudes 
result in decreasing temperatures w ith height 
up to the iropopause (marking the top of 
the troposplKie. te.. the lower 8 to 16 kiii 
of the atmosphere, depending on laiiiudc). 
Above this, ihc pin sical properties ofilKair 
produce a warming w ith liciglu through ilic 
siraiospticrc (extending from iIk iropopause 
to '5(1 km> 

(2) temperature TRENDS AT THE SURFACE 
CAN RE Expected to re Different 
FROM temperature TRENDS HIGHER IN 
THE ATMOSPHERE BECAUSE: 

Tlic pin steal pmpcrdcs of the surface vary 
subsianlialh according to localton and this 
produces strong horizontal variations in 
ncar'Surface icmpcraiure. Above liic sur- 
face. on monilih and longer lime scales, 
these contrasts arc quickly sinoollied out 
b> aimosplicric motions so iIk paiicms of 
clnngc in Ihc troposphere must dilTcr from 
those at litc surface Temperature trend 


vamtions with height must, therefore, vary 
according to locaiion. 

Changes inaimosplicricciieulation or modes 
ofaimospiKnc vanabiliiv (e.g-. tlic El NiAo- 
Southern Oscillation |ENSO|) can produce 
different icmpcmturc trends at the surface 
and aloft 

Under some circumstances, temperatures 
mav increase with licigin near tlic surface 
or higher in Ihc troposphere, producing a 
"temperature inversion.” Such invcrsioits 
are more common at night over coiMincnis. 
over sea ice and snow in w inter and in the 
trade wind regions Since the air in inversion 
lavers is resistant to vertical mixing, tem- 
perature trends can difTcrbeiwecn imerston 
layers and adpccni lavers. 

Forcing factors, either natural or human- 
induced. can result in differing icmpcnitiire 
trends at dirferent levels in the atmosplicre. 
and these vcriical variations nun cluitigc 
over iinK- 


As noted above. Icmpcmiures in lie alinosplere 
van naiurallv as a result of inicnial factors 
and natural and human-induced perturbations 
rforcings”). These factors arec-\pcciod to have 
different crfccis on iciiipcraiurcs near the sur- 
face. in the troposplKie. and in the simiosphcrc. 
assumman/cd in Table I. When all foreingsarc 
considered, we expect the troposphere to have 
warmed and the straiosplerc lo have cooled 
siiKC the late I950s (and over the wliolc 20(h 
century ). TItc relative changes in iIk iropo- 
splKfc and stratosphere prov ide informarion 
about tlw causes of observed clwingcs 

Within the iroposplKrc. the relative changes in 
temperature at dilTcreni levels arc controlled bv 
dincremproccsscsaccordingto latitude InilK 
tropics. tiK primary control is the tlcrmody- 
namicsof moist air ^/.r. the cfTccis of evapora- 
tion at iIk surface and Ihc release oflaiciu heal 
ihrougli condensation tluu occurs in clouds as 
moist air rises due lo convection), and the way 
these efrecis are distributed and modified by 
the atmospheric circulation. TiKrmody naniic 
principles require that Icmpcraiure cliangcs 
in iIk tropics will be Lnrgcr in the IroposplKrc 
than iKarilK surface ("amplificaiion''). largely 
independent of Ihc 1> pc of foicing In mid to 
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Table I: Summary of the most Important global-scale climate forcing factors and their likely individual ef- 
fects on global-, annual-average temfseratures; based on Figure 1.3 (which gives temperature Information) 
and Table l.l (which gives Information on radiative forcing) In Chapter Land literature cited In Chapter I. 
The stated effects are those that would be expected If the change specified in column I were to occur. The 
top two rows are the primary natural forcing factors, while the other rows summarixe the main human-in- 
duced forcing factors. The relative Impotence of these different factors varies spatially and ever time. For 
example, volcanic effects last only a few years In Che stratosphere, and slightly longer in Che troposphere; 
while the effects of well-mixed greenhouse gases last for decades to centuries. 


Thoorotically oxpocCod chango Irt 
attnual-glebal-average temperature 

Forcing Factor 

Surfaco 

Low CO Mid 
Troposphor* 

SCratosphuro 

Inomaiad tolar outpuc 

Warming 

Warnurg 

Warming 

Vdarle erupciorvs 

Coding 

Codirg 

Warmirg 

Increated coiKemrationt of wmll-mixad green- 
house gases (COj, CH,. N]0. halocarbons) 

Wannirvg 

Warrrurg 

Coobrg 

Increased tropospheric oeotve (Oj) 

Warming 

Waritiifg 

Shght codirg 

Decreased ttratosphenc otorve 

Negligbie except at hi^ lab- 
tudet 

Sight coding 

Cooling 

Increased loading of tropotpharsc sdtace (SO,) 
aerosol • tun of direct plus indirect effeas 

Coding 

Codirg 

Negligible 

Increased loadirtg of carborvaceout aerosol 
(blade carbon [BC] and organic matter (OM]) 
in the troposphere - sum of drect plus indi- 
rect effects 

Regional coding or warmirg 
- possible global -average coding 

Warmirg 

lAncerlain 

Larvd use artd land cowar changes 

Regional coding or warming 
• probably slight global-average 
cooling 

UrKurtain 

Negligee 



high liiiiiudcs. tlic processes controlling Ixni 
tcinpcniiiirc clungcs in the vcnical arc more 
complex, and il is possible for the surface lo 
uarm more than the troposphere Tlicsc is- 
sues are addressed furilicr in Chapter I and 
Cltapier 5. 

2. STRENGTHS AND 
LIMITATIONS OF THE 
OBSERVATIONAL DATA 

What kinds of atmospheric tem- 
perature variations can the current 
observing systems detect and what 
are their strengths and limitations, 
both spatially and temporally! 

Hus qucstioii is addressed in Clypier 2 of this 
Report Chapter 2 draws the following main 
conclusions. 

(I) The obsen mg systems axailablc for ihis 


Report are .'ibic to detect snu'ill surface and 
upper air temperature varuitions ftom year to 
year as well as trends^' in clittuiie since ilic laic 
I95(>s t.'irxi o^c^lhc liist century for surface ob- 
scixaiions). once the raw data arc successfully 
adjusted for changes oscr time in obscrx iitg 
sysicms atxl praciiocs. and micro-climate ex- 
posure. Mcasuremciis from all systems require 
such adjustments Tliis Report relics solely on 
adjusted data sets. 


* Many <if Ihc rnulln in Ibis Report (and here in the 
Kxocuine Summary) are i|MiHificd in term* of lin- 
ear Iromh. < r.. by iIm value of the dope of a siraiglii 
line that railed lo ihc data A umplc draigbl hne 
it CKU alway* the bcM way to dercribe Icmpctaiuic 
(lain. M>a Itnear trend value mav hedceepiive if Ihc 
irend number is given in tsnlabon.retiKncd from ihc 
originridala Nevcnlwlei.v.usedapprof>rMiel>. linear 
I icndv |Mv>v tde I he M mfl cvi ami moni evMvenicnl way 
lA derenbe the tHerell change over lime in a data wt. 
and are widely used For a mure detailed diveustaon. 
see Appendix A 
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All data sets require 
careful examination 
for instrument bases 
and relability. and 
adfustments are 
made to remove 
changes that might 
have arisen for non* 
climatic reasons. 


(2) Indcpcndcnih performed adjiisinicnis lo 
iIk land surface icinpcraiuic record ha\cbccn 
sufricienih successful dm trends given bv 
difTcrcni data sets arc reasonabh similar on 
large tfig.. coniincntal) scales, despite the fact 
tlm spatial sampling is iincscn and some errors 
(iiidotibtcdK remain. This conclusion holds to a 
ksscr extent for the ocean stirfacc record. » hkh 
suffers from ntorc serious samplii^ problems 
and civinges in obscn ing practice. 

(.1) Adjiisiincnts for cinnging iitsirumcmation 
are most challenging for uppcr>air data sets. 
While these sliou promise for trend analysis, 
and it is very likely tiuit current uppcr*air 
climate records give reliable indiaiiions of 
diicciions of cimige uarming of die iro* 
posplwre. cooling of the straiosplicrc). some 
questions remain regarding die accuracy of 
liic (kMa after iidjiistmcnts have been made to 
produce homogeneous time senes from the nnv 
measurements 

• L)ppcr*air data sets have been subiccicd to 
less senitim dmi surface data sets. 

• Adjusimenis ore complicated, can be hitgc 
compared to die linear itend signal, involve 
expert judgments, and cannot be stringently 
ev aluated because of lack of traceable sian- 
ckirds 

• Unlike surface trends, reported upper-air 
trends vary considenibh between research 
teams beginning with the same raw data 
owing to ihcirdirfcrcnt decisions on Ik>w to 
nenKive non-chmatic factors 


Many different methods arc used to measure 
icmpciaiurc citanges at iIk Earth's surface 
and at various levels in the atmosphere Near- 
surface temperatures have been measured for 
the longest period, over a century, and arc 
measured ditcctly bv tliemioiiictcrs. Over land, 
tlicsc data COOK fioiii fixed nwicorologica] sta- 
tions. Ov cr ilic ocean, incasu rcmciMs arc of both 
air iciiqvcraturc and sca-surfacc (top 10 meters) 
tciiqKinliirc taken by ships or from buoys. 


carried alofl by wcailicr balloons) Tlicsc lane 
been collected routinely since l'>58. TlKrcare 
still substantial gaps in rtidiosondc coverage. 

Satellite data Itave been collected for tlic upper 
air since 1979 with almost complete global 
coverage. The most iniponant satellite records 
come from Mkrowavc Sounding Units (MSU) 
on polar orbiting satellites. The microwave data 
from MSU iiisiruincMS require calculaiioiks 
and adjusimciMS in order to be interpreted as 
temperatures Funhcrinorc. ilicsc satellite data 
do not represent tlic temperature at a particular 
level, but. lailicr. tlic average tcmpcniiure over 
thick atmospheric layers (see Figure 2.2 in 
Chapter 2). As suck they cannot reveal tlic de- 
tailed vertical stnicturc of temperature ckingcs. 
nordoihcy completely isolate the troposphere 
from the stmlosplictc. Ckinncl 2 data (mid 
troposphere to lower straiosplicrc. T^) have 
a laiitudinally dependent comribuiion from 
the sirolosphcrc. while ClianncI 4 data (lower 
slnilosplKic.T 4 )luvea taliludiiKilly dependent 
coninbuiion from the troposphere, factors tliai 
complicate llieir interpretation However, re- 
trieval techniques can be used both lo apptoxi- 
nuietv isolate specific lav ers and to check for 
vcnicai consistency of trend poiicms 

All mcasurenwni sy stems have inherent un- 
ccnaimics associated with: the instruments 
employed; chiinges in instrumentation; and 
the wav local measuremerns arc combined to 
produce area averages All data sets require 
careful cxaminai km for insinimcia biitscs and 
rcltabiliiv. and adjust mems arc made to remove 
cliangcs that might have arisen for non<li matte 
reasons We refer to these as "adjusted" data 
sets. The term "homogcm/aiion" is .also used 
to describe this adjust iiKnt procedure 

Rcanalyscs’ and other multi-system products 
that $ynihcsi/c observational data with model 
results to ensure spatial and imer-v ariabte con- 
sistency have iIk potential for addressing issues 
of surface and atmospheric iciiipcnilurc trends 
by making belter use of av ailable infomiation 
:md allow ing analy sis of a more compreliensivc. 


Rcanatvware nMilh«nialKa)t> bkiMkil prudacM 
bawd u|X'n a* maav iiliKrv iai WiWMibh aa piMlical 
OtiMrvaliaiH are atAtmilalod into a global waaihrf 
tbrecaaliag mexM lo pi«<ducc gkiballv «om|trelicn«v« 
dala fdv Ihal are mod conamtaM with both ibc avail- 
able data and Ibe oxamilalKMi model 


TItc nc.M-loiigest records arc upper-air data 
incasuredbv radiosondes (icnipcraiure sensors 
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iniernally consisicni. and spaiinlh and icm* 
poralK conipicic set of climate s ariablcs. At 
present, licnvcver. these produciseomainbiascs. 
cspccialK in the stratosphere, ilut nfrcci trends 
and iltni cannoi be rendih remosed beciusc of 
iIk complexity of the data products 

3. WHAT TEMPERATURE 
CHANCES HAVE BEEN 
OBSERVED? 

What do observations Indicate about 
the changes of temperature In the 
atmosphere and at the surface since 
the advent of measuring tempera- 
tures vertically? 

What is our understanding of the 
contribution made by observational 
or methodological uncertainties to 
the previously reported vertical dif- 
ferences in temperature trends? 

Hksc questions arc addressed in Cliapiers 3 
and4orihisRcport TIk following conclusions 
arc draw n in these chapters Supporting infor- 
maiion isgiscn in Figure I and Figure 2. 

(1) Surface icmpcraturex: Forglobnl-avcn^ 
changes, as wdl as in the tropics (2U°S to 2(PN). 
all data sets dwu wanning at ilic surface since 
19.^8. wiihagrcntcrratcorincrcasc since 1979. 
OilTcrcnccs between the data sets arc small 

• Global-meragc icmpcratutc iiKicascd at a 
rate or.nboulO.I2T per decade since 195}!. 
and about 0.I6T per decade since 1979. in 
iIk tropics, iciiipcraturc iiKicascd at about 
O.II'’C per decade since 1958. and about 
0.1.3^ per decade since 1979. 

* Syslcnuiiic local biases in surface ictn- 
pcratiirc trends iiui> exist due to changes in 
staikm exposure and insirumcnuiiion over 
Lind*, orclvingcsiii mcnsniemcnl icchmqucs 
bv ships and buoys in ilic ocean It is likely 
that iIksc biases arc largely niudoin and 


■ Si>inc luvc«xfreiiwdc«>fKCf n lluil land icmpemuK 
dolamiflil he tMiAcdduc t(>ufbani/alii>n«fr«cl« Re- 
««nl<ludievt|w«:i(icnll> dcnisMC(ltoid«tilif> «>weffi- 
•uc rn«4»lemH uunfarangeorappmacbes hate (txind 
IK> delectable urban inPuence in large-area averages 
in ibe data sets ihol have been odjnsied la remove 
wia-climabc inl1uencesd.«. ~hnmogenuccd~) 


Ihctcfoic cancel oui over Large regions such 
as iIk globe or tropics, the regions that arc 
of primary inictcsiio this Report 

(2) Tropospheric temperatures: All data 
sets show iliat the gkibnl- and tropical-avcnigc 
iropospltcrc lias w armed from 1958 to the pres- 
ent. with the wanning >» iIk troposphere being 
sligliih more than at Ilic surface For changes 
from 1979. due to the considerable disagree- 
ments between iropospiKric data sets, it is not 
dear w liciiicr the t roposplicre lias wanned more 
titan or less iliaii ilic surface 

• Global-average iroposplicric tciiipcraiure 
increased at a rale of about 0 . Id’C per decade 
since 1958 according to iIk two iiidiosoiidc 
data sets. For ilic period from 1979. tem- 
perature incrc:iscd by O.IO'C to O.Jtr-'C per 
decade according to ilic two radiosonde 
and three satellite data sets In the tropics. 
icmpcraJurc increased at about 0.I3X per 
decide since 1958. and between 0.U7T? and 
O.I9°C per decade since 1979. 

• Errors in obsened temperature trend dif- 
fetcnccs between the surface and (lie tropo- 
sphcie ate more likely to come from errors in 
tropospheric data than from errots m surface 
data 

• It is very likeh lliiit estimates of trends in 
tropospheric icinperaturcs arc afrccicd by 
errors iliai remain in iIk adjusted radiosonde 
daui sets. Such errors arise because the meth- 
ods used to produce these data sets are only 
able to detect and remove the more obv ious 
causes, and imohe many subjective deci- 
sions The full consequences of iIksc errors 
for Lirgc-arca averages, iiowcvcr. liavc not 
yet been fully resolved Nevertheless, it is 
tikclv ihaianctspiiriouscoolingomiptsihc 
area-averaged adytisted radiosonde data in 
the tropical troposphere, causing iliesc data 
to indicuc less warming ilum has actually 
occurred there. 

• For iroposplicric satellite data, a primary 
cause of trend difrcrciiccs between differ- 
cni versions is differences in how the dita 
fromdirrcteni satellites arc lucigcd together. 
Conecitoiis requited to account fordrifling 
mcastiicmcni times arc also imporiani 


Errors in observed 
temperature trend 
differences between 
the sur^ce and 
the troposphere 
are more likely to 
come from errors 
In tropospheric data 
than from errors in 
surbee data. 
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• Cotiipansons bduccn )»lcllilc and radiO' (3) Lower siratoiiphcric trmpcniiurvii: All 
sonde icnipciaiurc& for the mid troposphere data sets siton ihai ihc sirniospitcrc has 

iolowcrs4RiiosplKrcli*t>cr(MSUchaiiticl2: cooled considcrablv from 1958 and from 

Tulare vcf> likeh tobccormpicdb\ cxocs* 1979 to the prcseiA. although tlierc arc dif* 

sivc siraiosplichc cooling in the radiosonde Terences in the linear trend values Trom 

data. dincrcni diHa sets 


Globai AhomalMS 



•MO ««ff IK «MO 



Figure li Observed turtece and upper eirg|ob*l>i«era|ecempen(urereeerds. 
From cop to bottom: A. lower icratoiphere (denoted T*) recerdi from two tat- 
ellite anaiyset (UAH and 8$S> together with eqixvalontly weighted radiosonde 
records based on HadAT2 and RATPAC data: B, m)d<croposphcre to lower 
stratosphere (T 2 ) records from three satellite analytes (UAH. RSS and UHd) 
together with equivalendy wei^wed radKisonde records based on HadAT2 and 
RATPAC: C. lower troposphere (Tj^t) records from UAH and RSS (saeaBite). 
and from HadAT2 and RATPAC (equivalently wei g hted radiosonde); O. surface 
(Tj). All txne series are based on monchlyaverage data smoothed with a 7<inon<h 
runnir^ average;, expressed as departures from the Jan. 1979 to Dec. 1997 aver* 
age. Note chat the T} data (panel B) conuin a small contribution (about 10%) 
from the lower stratosphere. Informaticn here is from Kgures 9.1. 9.2 and 9.9 
In Chapter 3. 


Tlic largest difTcivnccs between diia sets a re 
iniltcsiraiosphcrc, paniciilarlv bciuccnthc 
radnsondc and saiclliic-bascd data scu. It 
is ver> likeh that iIk discrepancy between 
SiUcllitCiind radiosonde iiendsanscspntnah 
ily Trom uiKorrccicd errors in Ihc radiosonde 
data 


Figure I shows the sariotis icnipcraturc time 
series examined in this Report 

For ilie lower siraiosphcrc. the cooling iiciid 
since tlie late I95i)s (w hich is as expected due 
to the cfrccts of giccnl»usc-gas conceniniiion 
increases and siraiosplicric o/onc dcpklion) is 
punciwitcd by sliori*ierm warming events as* 
sociaicd with iIk explosive volcanic eruptions 
of Mt. Agung ( 1963). El ChidiOn ( 1982) and Ml 
Pircilubo<l99l). 

Both Ihc troposphere and tlic surface show 
wanning since tlic late l9S0s. For Ihc surface, 
most of the icmpcraiurc increase since 1958 
occurs starting around 1976. a lime coincident 
with a prev iously idcniiricd climate sliift For 
the balloon-based tropospheric data, a iiii^or 
partofihcicinpcratuic increase since 1958 also 
occurs around 1976. in ilic form of a icblrvely 
rapid rise in temperature TIk sltifi in 1976 is 
miponaiM because ii occurs just bcToie iIk start 
of iIk satellite era. 

Tlic dominant shorter time scale nuciiiations 
arc iliosc associated vv iih tlic El Nifto-Souilicrn 
Oscillation phenomenon (ENSO). TIk major 
ENSO wanning cveM in 1998 is obvious in all 
records. Cooli ng Tollow mg tlic erupt ions of Mi 
Agung and Ml. Pinaiubo is also evident, but 
the cooling cTTcci of El ChKitbn is masked by 
an ENSO warming iluii occurred at live same 
lime The changes following volcanic erup- 
tions O.e.. surface and troposplicnc cooling 
and stnitosphcnc warming) arc consistent vv iili 
our pinsical understanding and with model 
siniiibiiioiis 
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Glohaknvcnigc icinpcntiurc chiingcsovcrtlw 
periods I95K ilirough 2004 and 1979 ihrough 
2004 aic sixiun in Figure 2 in degrees Celsius 
and degrees Falircnhcii 

4. ARE MODEL SIMULATIONS 
CONSISTENT WITH THE 
OBSERVED TEMPERATURE 
CHANGESr 

Compiiicr*bascd cliiiuiie models cncapsulaic 
our iindersianding of ihc climate n stem and 
iIk driving forces iliai lead to ckinges in cli* 
ntate. Such nMxkisarc ihc only tools uc Ivne 
for simubting ilic likel> piMiernsof response of 
iltc climate sv siem to different forcing iiKcha- 
msms. Tire crucial test of our iindersianding is 
to compare model simulations uith observed 
changes to address the question. 

How well can the observed vertical 
temperature changes be reconciled 
with our understanding of the causes 
of these changes? 

In addressing this question. Chapter 5 dravvs 
iIk follovving conclusions ... 

Fingeupkint Pattern studies 
(I) Results from mam different pattern-based 
"fingerprim**' studies (sec Bov S.S in Cluptcr 
5) provide consisieni evidence for human in- 
fluences on the three-dimensional structure 
of aiinosphcric temperature clianges over tlic 
second luilf of the 2Ciih ccniurv . 

• Fingerprint studies have idcnitficd green- 
liousc gas and sulfate aerosol signals in 
observed surface temperature records, a 
stratospheric o/onc depletion signal in 
siraiospltcric temperatures, and iIk com- 
bined cnccis of these foieiiig agcins in ilie 
vertical siruciurc of nimospherK tempera- 
ture clungcs. 


* Finferprinl viudicn me ngon'ii«M«liKlical meihudv 
io compare lh« paiiernc of observed icmperslure 

chunset Hiili model expeclaiioBs and determine 
wtwiber or ool vniilaniieii could have iKCurrvd bv 
chaiKe l inear trend comporiwm* are less powcfl'ul 
than finitcrpiini analyses lor study ins cause-efTeei 
rclUronslHp*, Iwl can hishl ighl impodanl dilTeience* 
and umilanbes between moddv and obucrvalions. 


(2) Naiural factors (external forcing agents 
like volcanic eruptions and sobr variabil- 
ity and/or intcrnallv generated variability) 
have influenced surface and aimosplicric 
icmpcraiuics. but cannot fnllv explain their 
clungcs over ilic past 50 y cars 


Total Olobal-Avorago Tomporaturo Changoa 





FIgur* It Toal gkR»l-av«ragt tamparatura changes for the wrfaoe and differ- 
ent atmospheric layers, from different daa seu and over two periods, 1958 to 
2004 and 1979 xo 2004. The values shewn are the cool change ovw the seated 
period in both degrees Cetstus (X; lower scales) and depees Fahrenheit (*F: 
upper scales). All changes are statistically tignificanc at the SX tevei except RSS 
T, artd RATPAC. HadAT2 and UAH T}. Total change In *C is the linear crervd in 
*C per decade (see Tables 3.2 and 3.3 in Chapter 3) times the number «f decades 
In the time period considered. Tool change in *F it this raenber bmet 1.8 to 
convert to * P. For example, the Table 3.2 trerxJ for NOAA surface temperatwet 
over January I9S8 through December 2004 it 0.1 l*Odecade. The total change 
is chcreforeO.il times 4.7 decades to give a tool change of 0.$3*C. Multiplying 
this by 14 gives a tool change in de g re es Fahrenheit of 0.93*F. Warming is shewn 
in red. and cooling (n bhw. 
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When models are 
run with natural 
and human<induced 
forcings, simulated 
global-average 
temperature trends 
for individual 
atmospheric layers 
are consistent with 
observations. 


Linear Trend Comparisons 

(3) When in(Klcl> arc run with naiiiral luid hu- 
iniiniiKluo.'drorcingM.siniu]iiic(l ^k)hul-»v'cr»^‘ 
icnipcmiurv la'Ull^ for indi^iduiil aiimvsfiltcric 
layvn iirv ccMisisirni Miih {ihM.T\<ilian.H. 

(4) Comparing trend dilTcrcnccs bctuccn ilic 
surface and the iiopospivtc exposes poieniially 
imponaiN discrepancies bciuccn model results 
and obscr\ aliens in ihc tropics. 

• In the tropics, most obscrtaiioiial data sets 
sJiou more uarming at tlic surface than in 
the troposphere, uhilc almost all model 
simuLniioiis ha\ c larjjier Manning itlofi than 
at the surface. 

Ampufication of Surface WARMtNG tN 
THE TROPiCAi TROPOSPHERE 

(5) Amplification means that icinpcraiurcs 
slum larger cliauges aloft titan at the surface. 
In tlie tropics, on monlhiy and inlcr-annual 
linic scales, both inodeb and observ ations siMm 
amplificaiion of icmpcraiurc v sinability in ilic 
iroposplicrcfcLaine to tlic surface Thisampli* 
ficaiion b of similar magmiude in models and 
observations Fortnuiti-dccadal liends. models 
shovv the same amplificaiion tint is seen on 
slioncr tunc scales The nuyoriiy of the roost 
rccciR observed data sets, however, do not shovv 
this amplificaiion 

• This inconsistency bctwccniiHxIciicsuItsatKi 
obscrv aiions could arise cillier because ~fcal 
u odd" amplification dTccts on shoit and long 
nine scales arc eonirollcd by difTcrcnl phy st- 
eal mechanisms, and models fail to capture 
suchbehavior. or because noiKiiimtic influ- 
ences icnuiiung in some or all of the observed 
tfoposphcnc datasets lead to biased krog-tcmi 
trends; or a coinbinaiioii of ilicsc factors. 
Tlic new evidence in this Report - modcl- 
lo-modcl consistency of amplification 
results, the large iinccrtainlics in obsened 
iro]x>splKric icmpcraiuic trends, and indc- 
pendem physical evidence supporting sub- 
stantial itoposphcric warming (such as tlic 
increasing height of ilte iropopaiisc) • favors 
iIk second explanation. However. iIk large 
obscrvaiioa'il uncertainties that currently 
c.xist nuikc it difficult to determine wltcihcf 
or not models still hove significant crrois. 
Resolution of this issue requires reducing 
liicsc uncertainties 


Other Finoincs 

(6) Because of dincrcnccs between different ob- 
served data sets and differences bcivv ecu mod- 
els. it is important to account for both nradcl 
andobscnaiioaTl uncertainty in comparisons 
between modeled and obsened lempcraiurc 
cliangcs 

• Large "construction" uncenaintics in ob- 
sened estimates of global-scale atinosplicric 
icmpcraiurc change cancriticalK influence 
the outcome of consistency tests between 
iikkIcIs and obscnaiions. 

(7) IiKhision of previously ignored, spatially 
variable forcings in the most rccein climate 
models docs not fundaiiKnially alter conclu- 
sions about tlic amplincaiionor warming in the 
iroposplwrc relative to Ihc surface. 

« Cltat^gcs in sulfate acrosob and iroposplicric 
o/onc. which have spatially variable forc- 
ings. Iiavc been incorporated routinely in 
diiiiaic model expenmenis for a number 
ofyears. It lias been suggested ilvit the spa- 
tially iKtcrogcncous forcing cfrecisofblack 
carbon aerosols and land usc/land cover 
cliiingcs may liavc had significaiii effects 
on regional temperatures that migiR modify 
previous conclusions regarding vertical tern- 
pciature changes These forcings have been 
included for the first lime in about half of 
the global model simulations considered 
here WiihinslalistKal unccriuiniics. model 
si miilai ions that include ilicsc forcings slww 
Ihc same aniplirication of wanning in ilic 
tropospiicrc relative to the surface at very 
large spiiiial scales (global and i ropical av cr- 
ages) as siniulaitons in winch iIksc forcings 
are neglected 


Chapter 5 analyzes siaic-of-ihc-an model 
simulations from 19 inslilulions froiii around 
the world, run using ooinbinalioits of the most 
inqMriant natural and liuman-induccd forc- 
ings. The Clupicr compares ilie results of iliesc 
simiilaiioiis with a number of dirfcrcni obscr- 
vulKHtiil data sets for llic surface and difrcienl 
aimosplKnc layers, resulting ina large number 
of possible iiKxIcl/obscrved data compansons. 
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Figures 3 and 4 niniimin/ic ilic iiuxlcl re> 
sulis used in this Repon. together uiih the cor* 
responding obscrx aiions Figure 3 gi\ es results 
for glohai'axeragc temperature, while Figure 
4 gives results for the tropics <2n°S to 20^). 
Model and observed results arc compared in 
tlicse Figures using linear trends ov er the penod 
January 1979 through December 1999''’ fertile 
surface, for indh iduai layers, and (riglii-liand 
panels) for surface cliaiigcs relative to tlie tro* 
pospiicrc Rectangles are used to iltustr4ite ilic 
rtingesof both model iicnds<red rectangles) and 
observed trends <bluc rccianglcs). Indhidiuil 
obscrvcd'daia trends arc also shown. 

Since statistical uncertainties (see Appendix A) 
arc not show n in iIksc Figures, the rectangles 
do not icprcsciM ilic full ranges of iiiiccnainty. 
However, llicy allow a useful first -ordcrasscss* 
mcni of simibniies and differences between 
obsenaiions and model results. Overlapping 
fociiiitglcs in the Figures indicaic consistency, 
while rectangles llul eillicr do not ovcrUip or 
show iiiiniinal overlap point to potcntuil in* 
consistencies between observ ations and model 
resuhs 


tibovc ll nuy arise fitiin errors tint :iic corniiion 
to all models, from errors in the observational 
data sets, or from a combination of ilicsc fac- 
tors. The second cxplaiui ion is favored, but the 
issue is still open 


A potentolljr serious 
mconsisteney has 
been identified in the 
tropics. The favored 
explanation for this Is 
residual error in the 
observations, but the 
issue IS still open. 



For global av crages (Fig. 3). models and obscr* 
v at ions generally show ov erlapping rectangles. 
A potentially serious inconsistency, however, 
lias been identified in llic tropics. Figure 4C 
slwws llint the lower Irc^xisphcic warms more 
rapkllv titan the surface in almost all model 
simulations, while, inihcnuyoriiy of observed 
data sets, the surface has warmed more rapidly 
than the lower iroposplicrc In fact. iIk n.*iiuie 
of this discrepancy is not fully captured in Fig 
4G as the models that show best agreement w ith 
tlie observations arc iliosc that have the lowest 
(and probably unrcaltsiic)ainounisof warming 
(see Chapter 5. Fig 5.6C). On ilic other hand, as 
noted above. iIk rectangles do not express tlK 
full range of uncertainty, os ilicy do not aceouin 
forilK large statistical uncertainties in (Ik indt- 
V idiuni model liciids or lie latgc constructional 
and slatislicul unccruuiaics in Ilic obscrv cd data 
trends. 

Hie potential discrepancy idcniiricd here is a 
dilTcrcnl way of expressing the amplificulKin 
discrepancy described in Section 4. item (5) 


•• Tki* i* the longest ptnod commoii lo all model 
simalaUons 


II 
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Figure 3: Comparitonofobterwed and model •Umiiaced global 'avierafe temperature trends (Ieft4>ar>d peneh) and trend 
dilferencet (right'lund panels) o«er January 1979 chroigh December 1999. based on Table S.4A and Figure S.3 in Chapter 
S. The upper red rectan^s in each boot show the range of modal trends lirom 49 model Umulatlont. The lower blue reet> 
angles show the range of observed trends, with the Indlwdual trends Irom different data secs mdlcatad by the symbols. 
From bottom to top. the l«ft>hand panels show trends for the surface {Tt)k the lower troposphere (Txr)- the troposphere 
(T*). the mid troposphere to lower stratosphere (T]). and the lower stratosphere (T*). The rlght>hand panels show differ* 
ences m trends between the surface and either the troposphere or the lower troposphere, with a positive value indicatir^ 
a itrongbT warming at the sur face. The red vertical lines show the average of all model resuhs. The vertical black dashed 
lines show the lero value. For the observed trend differences, there are eight vatucs corresponding to combinations of 
the fosr upper>alr data sets (as indicated by the symbols) and either the HadCRUT2v surface data or the NASA/NOAA 
surface data (which have almost idanticd trends). 
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Figure 4: As Pi{ur« 3. but (or (he tropia <20*S to 20*N). b«ted on Table S.4B aod Rgure 5.4 in Chapter 5. Note 
that, in (he tropics, the tropospheric rad»o«on4e data (p ce n and purple filled ordes in panels C and D) may have a 
eoolmg bias and that it It iWikely that this bias hat been oonipletely removed from the adjutted data used here. Note 
alto chat the (smaB) overlap In panel G It dec«pcl>« because the models In (Ns overlap area ha>e smrealtttleilly imal 
amounts of warming. On the other hand, the rectangles do not express the full range o4 unoertaintyt at they do net 
account (or wicertainties in the individual model or observed data trends. 
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S. RECOMMENDATIONS 


What measures can be taken to improve the understanding of observed 
changesf 

In answer to this question, drawing on the material presented in the first five chapters of this Re- 
port. a set of primary recommendations has been developed and is described in detail in Chapter 6. 
The items described in Chapter 6 expand and build upon existing ideas, emphasizing those that are 
considered to be of highest utility The seven intcr-related recommendations are: 

(1) The independent development of data sets and analyses by several Kieniiscs or teams will help 
CO quantify structural uncertainty. In order to encourage further independent scruany, data sets and 
their full metadata (i.e.. information about instrumentation used, observing practices, the environ- 
mental context of observations, and data-processing procedures) shouhf be made openly available. 
Comprehensive analyses should be earned out to aKertain the causes of remaining differences 
between data sets and to refine uncertainty estimates. 

(2) Efforts should be made to archive and make openly avaibble for independent analysis surface, 
balloon-based, and satellite data and metadata that have not previously been exploited. Emphasis 
should be pbced on the tropics and on the recovery of satellite data before 1979 (which may allow 
better characterization of the climate shift in die mid-1970s). 

(3) Efforts should be made to develop new or reprocess existing data to create climate quality data 
sets' ' for a range of variables other than temperature (e g atmospheric water vapor content, ocean 
heat content, the height of the tropopuse. winds and clouds, raduuve fluxes, and cryospheric 
changes). These data sets should subsequently be compared with each other and with temperature 
data to determine whether they are consistent with our physical understanding. It is important to 
create several independent estimates for each varable in order to assess the m^mtude of construc- 
tion uncertainties. 

(9) Efforts should be made to create several homogeneous atmospheric reanalyses. Particular care 
needs to be taken to identify and homogenize critical input chmate data. Identification of critical 
data requires, in cum. observing system experiments where the impets and rebiive importance of 
different observation types from land, radiosonde, and spec-based observations are assessed. 

(5) Models that appar to include the same forcings often differ m both the way the forcings are 
quantified and how these forcings are applied to the model. Hence, efforts are required to seprate 
more formally uncertainties arising from mcKlel structure from the effects of forcing uncertainties. 
This requires running muhtple models with standardized forcings, and running the same models 
individuaRy under a range of pfaustble scenarios for each forcing. 

(6) The GCOS (Global Climate Observing System) climate monitoring principles should be fully 
adopted. In particular, when any lyp of instrument for measuring climate is changed or re-sited, 
there should be a pnod of overbp between old and new instruments or configurations that is suf- 
ficient CO allow analysts to adpjst for the change with small uncertainties that do not prejudKe the 
analysis of climate trends. The minimum priod is a full annual cycle of the climate. Thus, repbee- 
ment satellite launches should be pbnned to take pbee at least a year prior to the expeted time 
of bilure of a key instrument. 

(7) A small subset (about S%) of the oprational radiosonde network should be dcvelopd and 
implemented as reference sices for all kinds of climate dau from the surface to the stratosphere. 

■ ■ Clwnata qualitj' dau MU are ihoM where the belt pouibie cHoru have been nude to Identify and remove nom 
cUnubc eHecu that m||h( produce tpuitoua <h»ngti over time. 
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Temp«ratur« Trends in the Lower Atmosphere > Oidersondng and f^econoktg Differences 


Why do temperatures vary vertically (from 
the surface to the stratosphere) and what 
do we understand about why they might 
vary and change over time? 

Convaning Load Author: V. Ramasvnrry. NOAA 
Lead Authors: J.W. Hurrell. N$F NCAR: OAMeehl. N$FNCAR 
Contributing Authors: A. PhiMips. NCAA. Boulder: 
B.QSant«r.DOELLNU KQ Schwarzkopf. NOAA; 

QJ. Seidel. NOAA: S.C. Sherwood. Yale Unht; 

RW. Thorne. U.K. Met. Office 


SUMMARY 


Temperatures Vary Vertically 

The global temperature profile of the Earth’s atmosphere reflects a balaiKe between the radia- 
tive. convective and dynamical heating/coolmg of die surhice-atmosphere system. Radiation from 
the Sun is the source of energy for the Earth's cbmate. with most of it absorbed at the surfree. 
Combined with the physical properties of the atmosphere and dynamical processes, the heat is 
mixed vertically and honzoncally. yielding the highest temperatures, on average, at the surface, 
with marked seasonal and spatial variations. In the atmosphere, the distribution of moiuure 
and the lower air pressure at progressively higher altitudes result in decreasing temperatures 
with height up to the tropopause, with the race of decrease depending on geographical factors 
and meteorological conditions. The tropopause marks the top of the troposphere, Le., the 
lower 8 to 16 km of the atmosphere (see Preface. Fig. 2). and varies with latitude and longitude. 
Above this attitude, the physKal properties of the air produce a warming with height through 
the stratosphere (extending from the tropopause to 'SO km). 


Temperature trends 
at the surfree 
can be expected 
to be different 
from temperature 
trends higher in the 
atmosphere. 


Temperature trends at the surface can be expected to be different from temperature trends 

higher in the atmosphere because: 

' Sur^ce types (sea. snow, ice. and different vegetative covers of land) differ considerably m 
their physical properties. Near the surface, these differing conditions can produce strong 
horizontal variations in temperature. Above the surface layer, these contrasts are ^ickly 
smoothed out by the atmospherK motions, contributing to varying temperature trends with 
height at different locauons. 

* Changes in atmospheric circulation or modes of atmospheric variability (eg. El Nmo-Southern 
Oscillation [ENSO]) can produce different temperature trends at the surface and aloft. 

* Under some circumstances, temperatures may increase with height near the surface or 
higher in the troposphere, producing a "temperature inversion." Such inversions are more 
common at night; over continents, sea ke and snow during winter: and in the trade wind 
regions. Since the air in inversion layers is resistant to vertical mixing, temperatures trends 
can differ between inversion layers and adjacent layers. 

* Forcing factors, either natural (e g, volcanoes and sobr) or human-induced (e g, greenhouse 
ps. aerosols, ozone, and land use) can result in differing temperature trends at different 
altitudes, and these vertkal variations may change over time. This can arise due to spatial 
and temporal changes in the concentrations or properties of the forcing agents. 
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Senator Peters. Thank you, Mr. Chairman. 

And given that thought, Admiral Titley, if you could explain 
briefly, a little bit expand on that, how satellites is a complex 
mechanism in order to do that, as well as if you could briefly ex- 
plain the corrections that have been made over time to UAH sat- 
ellite datasets since the original estimates were published. 

These datasets are revised on a regular basis because of the dif- 
ficulty in correlating. Is that correct? 

Admiral Titley. Senator, thank you. Thank you, sir. 

I mean, kind of the bottom line, it is not rocket science. It is ac- 
tually harder. Once you get the satellite up in the air, then you 
have to do something with the data. 

And as has been talked about I think several times in this com- 
mittee, they are not thermometers in space. There is all different 
types of frequencies, all the way from visible, the pictures that you 
see on the TV, infrared, and there is also some things called mi- 
crometer. So it is basically almost like radar. It is not exactly, but 
some of them are. 

And what you do is you are trying to look down through the at- 
mosphere. But of course, the atmosphere doesn’t say, oh, here is 
the low part, and then there is a nice dividing, and here is the mid- 
dle. So you have different frequencies that are mostly sensitive, but 
not entirely sensitive to those different parts. And then you have 
to put all of that stuff together, and it is. It is complicated. 

A lot of work in meteorology was done in this, and it was one 
of the real big advances when we figured out how to use these data 
directly and not make them like thermometers. That happened 
around the turn of — around the year 2000 or so, and it was a big 
advance. 

As you have mentioned, sir, there have been just a number of 
corrections that have had to be made to the UAH dataset. Merging 
overlapping satellite records. So when you have satellite A and sat- 
ellite B, how do you, in fact, cross-calibrate? How do you compare 
them? 

As the satellites go around and around, they actually start fall- 
ing back to Earth. Very slightly, but they fall back to Earth. You 
have to account for that orbital decay. 

You have to account for the stratosphere, the air up above what 
we have been talking about, this where we live or near where we 
live, and is that contaminated? And then there is even things like 
the diurnal heating correction. So like when the satellite is in 
where the Sun, you have to account for that. 

And those have — it has taken other people, such as Mears and 
Wentz from Remote Sensing Systems and other external scientists, 
to help with those datasets to get them corrected. And again, it is 
not easy stuff to do. It is hard stuff to do, but there have been a 
number of errors. 

Senator Peters. So I get from that testimony that satellite data 
alone may be inadequate. We need to look at a variety of other 
measurements of climate indicators. So how do climate models 
compare with these measurements and observations in the aggre- 
gate when we are looking at a variety of tools to measure what is 
happening on our planet? 
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Admiral Titley. There is a saying certainly in the weather com- 
munity and other communities as well that all models are wrong, 
but some are useful. And in a technical sense, it is really hard to 
find a weather or a climate model that is exactly right all the time. 
But they can tell you very useful things. 

So even back in 1979, Jim Hansen of NASA published in Na- 
ture — it was published, I think, in May 1980 — his climate model. 
This is from 35 years ago, when probably his computer system was 
not even as powerful as our iPhones today. And what that showed 
in published record, anybody can look it up, is the temperature was 
going to start going up. 

And then when you overlay the actual temperatures on there, he 
was wrong. But he was wrong because he was actually slightly too 
cold. But it was very useful because it said, guys, we are going to 
get on this escalator and we are going to start going up. 

So the climate models are useful. They are certainly getting bet- 
ter. Are they perfect? No. Could we use more research and develop- 
ment, better computers? Yes. Could we use better observations? 
Yes. 

But they are very useful, and they do help us understand the fu- 
ture. 

Thank you, sir. 

Senator Peters. Well, thank you. Dr. Titley. 

One, another question here. We have heard about or had testi- 
mony that folks sometimes have difficulty getting their positions 
heard. If you could explain to us the importance of skepticism in 
the scientific process, that that is, indeed, very important and spe- 
cifically how the peer review process works, which leads to these 
academic journals and studies? 

Admiral Titley. I mean, skepticism is what drives science. I 
mean, very frankly, it is what drives science. It is people who ask 
different questions in different ways. They either get inspired. They 
come up with a new dataset. They see a way to use a new dataset. 
And that can sometimes challenge the very orthodoxy. I mean, you 
look at Darwin, who challenged the very orthodoxy. 

As far as the peer review, the peer review doesn’t mean that this 
is the final settled science, but it does mean there is a logical flow. 
It means that the scientist or the author has, in fact, correctly 
taken a look at his or her field previously and documented that. 
The methods are clear, and the conclusions are consistent with the 
evidence that was presented. 

It may not be the final word, but it is sort of that Good House- 
keeping Seal of Approval, if you will. So that if you are reading 
from another field or if you are policymaker, if you understand it 
is peer reviewed, there is some sort of certification or quality con- 
trol. It may not be perfect, but over time, it is a pretty good proc- 
ess. 

Senator Peters. So these papers aren’t based on dogma. It is a 
very robust scientific process that has significant review by peers 
who have expertise in the area? 

Admiral Titley. Senator, in my opinion, the vast majority of pa- 
pers are based on data and not dogma. 

Senator Peters. Doctor — or Admiral Titley as well, what do we 
understand about the natural phenomena that has contributed to 
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warming from the last 150 years versus effect of carbon that hu- 
mans have released? We have heard that from some of our other 
panelists that there is other natural phenomena. Could you kind 
of dive into that a little more and give us a better sense of what 
we know about humans’ impact? 

Admiral Titley. Yes, sir. The humans’ impact is really primarily, 
although not exclusively, from greenhouse gases. Land use also has 
an impact. Agriculture has an impact. But primarily, it is our en- 
ergy uses, fossil fuels. And what they are doing is putting billions 
of tons of greenhouse gases into the atmosphere. 

So even though in absolute terms, 400 parts per million doesn’t 
sound like that much, compared to where we started the pre-Indus- 
trial Revolution at about 275, 280 parts per mission, it is a signifi- 
cant increase. And we are seeing those effects. We are seeing the 
temperatures come up, but we are also seeing the rainfall come up. 
A warmer atmosphere has a potential to hold, if you will, more 
water vapor. So when it rains, it can rain harder. 

The temperatures are melting the ice. We have already talked 
about, I believe, with Senator Schatz, the sea level or the thermal 
expansion. So we are seeing all these different independent lines 
of evidence. And since we built human civilization based on climate 
stability, that is the challenge that we have. 

We now have to adapt. And I think I have heard some of the 
other panelists say we need to adapt. So we are going to have to 
adapt to the climate changes that are coming that we cannot stop, 
but at the same time, we need to figure out how not to drive over 
the cliff, how to change ourselves so that all we have is a bumpy 
ride, put your seatbelts on, and we will be OK. 

But if we don’t get serious with this, we could have a very, very 
rough ride, indeed. 

Senator Peters. Well, hopefully, that is where we will spend 
time in this committee in the future is thinking through how do we 
adapt, how do we design policy prescriptions to what is a complex, 
but potentially dangerous change in the climate. 

I want to go back because I didn’t hear the response, I think Dr. 
Happer talked about carbon dioxide, and I just want to have oppor- 
tunity for you to respond. Dr. Titley. Is that we know that there 
have been periods in Earth’s history prior to the evolution of photo- 
synthesis, I believe, when carbon dioxide levels in the atmosphere 
were much higher than they are now. 

Can you talk about what the Earth was like in times past when 
carbon dioxide levels were much higher and what that might mean 
for us now? And you heard Dr. Mapper’s testimony. Perhaps your 
response would be helpful now. 

Admiral Titley. Yes, sir. There certainly have been times in the 
past where carbon dioxide levels have been much, much higher, but 
there weren’t modern humans, and there certainly weren’t billions 
of humans. So our challenge is how do we deal with these new rises 
in carbon dioxide with 7, 8 billion people onboard? 

The plants — certainly, in general, plants do better, but so do the 
weeds. So if you are looking at agriculture, what you have to deal 
with is not only are the plants that you want to grow are going to 
do better, the weeds are going to grow better, but they are going 
to do so in a hotter environment. 
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Do you start crossing thresholds, either not only daytime thresh- 
olds, nighttime thresholds? Does it mess up with the germination? 
Does it mess up with the pollination? Where are you going to get 
the water from if you have changed the basic water cycle? 

So all of those issues become a great challenge, and you need to 
be able to look at the entire system of agriculture in a changing 
climate to see where the risks are and where the challenges are. 

Senator Peters. Well, I think those are important points. Dr. 
Titley, and I would actually like to enter in the record two studies, 
one in 2006 by Stephen Long and another study here by Samuel 
Myers, also has a little different perspective on CO 2 levels than 
what we heard in testimony today. 

If I could introduce that in the record, Mr. Chairman? 

Senator Cruz. Without objection, they will be made part of the 
record. 

[The information referred to follows:] 
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Increasing CO2 threatens human nutrition 

Sdtnuel S. Myers*'^, Antonelb ^ncibetti', Ital Kkiof^, Peter Ituybens'', Andrew D. B. I^kex'''’. Arnold ). Blonm**. Ml Carttele^, 
Lee II. Dlett^ch', Glenn l■it2Kertlld*. IcHhlhiro Hasei^wa*'. N. Michele lldbruuk”*. Kandail L Nelson". Michael J. OTl^1an'^ 
Victor Rabo>’''‘. I lidemlLsu Sakai'’. Karla A. Sartor*'*, Joel Schwartz', Sanun Seneweera'*'’. Michael rausz'* & Ya.euhim Usui" 


Dleiarydrficlencictof cincandlronareaftulHUnlial glohal public 
health prcihlem. An c«limalcd two hUlion people rafTcr these defi- 
ciencies', causing a 1am of 63 million life-years annually^'. Most of 
thcM people depend on grains and legumes as their primary 
dietary source of zinc and iron. Here we report that C* grains aivd 
legumes have lower eoneentrations of zinc and iron when grown 
under flchl conditions at the elevated atmospheric COj concentra- 
tion predicted for the middle of this century. Cs crops cither than 
legumes also have lower concentrations of protein, whereas C4 
crops seem to he less affeaed. Dllferences between cuhivars of a 
single crop suggest that breeding for decreased scnstiiviiy toalmo- 
spberic CO^ concentration could partly address these new chal- 
lenges to global health. 

In the 1990t, several invcstigalors found (hot elevated atnmsphcrK 
COj concentration (hereafter abbrevulcd to (COj|) decreased the 
conecfMrallons of zinc, iron and prutetn in grains of wheat'*', barley' 
and rice* grown in contrdled-envimnmcnl chambers. However, tub- 
sequent studies Med to replicate these results when plants were grown 
in open-top chambers and ftec-air OOj cnrlchnncnl (FACE) expen- 
nicnls. A pievious study* found no elTect of (00j| on (he concentra- 
tions of zinc or iron in rice grains grown under FACE and suggested 
that the eari ler findings had been influenced by 'pot effects', by wliieh a 
small rooting volume led to nutrient dilution at the root-soil interface. 
Of the more recent studies'*'”, most haw indicated lower clemcnIaJ 
concentrations in soybeans'*, sorghum'*, potatoes' wheal” or barley'’ 
grown at devated (CO^t. but with the exception of iron in one study on 
wheal”, these results were statistically imignificanl. perh^s because of 
small sample sizes. 

Small sample sizes hove limited Clic statistical pnwo of individual 
studies of many aspocts of plant response In elevated (COjI, and meta- 
analyses involving larger samples of genotypes, environmental condi- 
tions and experimental locatinm have been important in resolving 
which dements of plant fiinctinn respond reliably to altered (CO]|'*'*. 
A icceni mela-anaiysltofpuMnhoddalacunciudcd tlvol only siflphur is 
dccrcaoed in gnins grown at devoted |00i|'*. 

Here we report findings from a mcla -analysis of newly acquired data 
from 1-13 comparisons of the edible portions of crops (j^wn at ambient 
and dcvaled ICOj] from seven dlftcrcnt l-ACK experimental lucaticim 
in lapan. Australia and Ihc United States Involving six flsnd crops (see 
1'aUe i ). We tested the nutrient conccntnitinns of Ihc edible port inns 
of rke (Oryta sath'a. IS cifliivars), wheal (7>ilirum aemswm, 8 culti- 
vart), maize (/eo mayt, 2 cultlvars), soybeans (GJ^iiie nnu; 7 culll- 
vars), fidd peas (Pimm Mtii'ion, 5 ctditvars) and sorghum (Sorghum 
bicolof, 1 cultivar ).lnall. forty -one genotypes were test^ over one In six 
growing seasons at amhtcnl atKidevalcd ICO^I. where iIk latter was in 
Ihc range 546- SS6 pp m. across all seven study sites. Collectively, these 


expcfimenls contribute mote than tenfold more data regarding both 
the zinc and Iron content of the edible portions of crops grown under 
FACE condiUotu than is currently avafloMc In tlie liicnture. Consistent 
with earlier mda-onalyses of other aspects of plant ftinclinn under FACE 
conditions' we consklerod the response compartsons ohseivcd from 
different species, cullivars and stress irealmenis and from different years 
to be indcpendcnL 11ie rotural logantlim of the mean respune ratio 
(r ■ rciqmmc in ctrvaled |C()j ^(respontc in ambient (COr I } was used at 
the metric for all analyses. Meta-analysis was used to estimate the ssvcrall 
eiket of devoted |CO|i on Ihecnnccntratmii of each nulneni in a poiti- 
cular crop and to determine the s^lficance of this effect (sec Methods). 

We found that dcvaled iCOj| was asonctaicd wMli signiflcanl dc- 
acnscs in Ihc concentrations of zinc and iron in all Ci grasses and le- 
gumes (Fig I and Extended Data Table I). For example, wheat groins 
grown at dcvaled |CO]|liad9J%lowcrzlJK (95% confldcfKe Interval 
(Q) 12.7%to S.9%)and5.l%lowcrlron(95%a 63%lo 3.7%) 
than thosegrown at ambient ICOjI-Wc also found that elevated |CO]| 
was associated widi lower protein content in C> grasses, with a 6J% 
decrease (95% Cl 7.5%to S.2%) in wheat grains and a 7ft% decrease 
(95% Cl 8.9% lo 6.8%) In rice grams. Elevated (COj I was associated 
with a small decrease in protein in fidd peas, and there was t» significant 
cftcct in soybeans or C| crops (Fig I iumJ Fjctended l>ila ToMc I). 

In adsblksn lo our own oWrvalinns. we obtained data from 1 0 of 1 1 
piesioudy puMished studtes investigating nutrient changes in the cdlMc 
portion of food crops (Fjctcixkd l>ata TaNe6) and combined these data 
with our own ohservatinns in a larger mrta-analysis. Analysis of our 
results combined with previously published FACE data ( Extended Data 
Table 3). or combined wnh previously published data from both FACE 
and clumber experiments ( Extended Data TabIcS), wasconsiitent wiUi 
Ihc roulls obtained using only our new tlala. Combining our data wMh 
piTsIcKidy puHished data did not alter the significance or substantially 
alter the cflect size of the nutrient change for any crop nr any nulrieitL 

In addition to nutrient concentrations, we also measured phytatc, a 
phosphate storage mcilceulc present In most plants that inhibits the 
ahsarptiun of dietary zinc in iIk human gul' '. We had no a priori reason 
to assume that phylatc concentrations wmihl change in response to 
ruing ICX))|. However, formulae for calculating ahsorbesL orbioavoil- 
aMe. zinc depend on both tlie amount of dietary zinc and the amount of 
dietary pivylatc cmvsumed'*. making it important to interpret changes 
in zinc concentration in the context of possible changes in phytatc 
Phytatc content decreased significanlly at elevated (GOj| only In wheat 
(P<0XII).l’hu decrease mi^t offset some of (he dedmes in zinc for 
this particular crop, although the decrease was diglilly less than half of 
the decrease in zinc. For other crops examined, however, the lack of a 
concurrent decrease in phytatc may further txaecrbaile problems of zinc 
dcfkiency. 
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1 1 Owrttrirtks agricwHwraJ *qwffai>wit» 
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Tbcglabai {COil in ibcainKMphrrc iscxpccicd lo reach 550 p, pm. 
in the next 40-60 years, cvvn kf ^rther actions are taken to tkcrcase 
emissions' *. At these concentrations we And that the esbble portions of 
many of the key (rnf» for human nutntion haw decreased nulriltonal 
vahM Milscn compared witii the same plants jtrown under identical 
conditions hut at the present ambient (CO^I. Analysis of the United 
Nations' l^ood and Agriculture Organiution food balance sheets resvals 
that in 3010 roi^hly 2.3 billion people wre living in enuniries vdinse 
populations received at least 60% of their dietary zinc and/or iron liom 
Q grains and legumes, and 1 .9 blUion lived in countries that received at 
least 70% of one or both of these nutrients from these crops ( KxtcrKkd 
[>ata Table 5). Reductions in the zinc and iron ooiitenl uf the edible 
portion of these food crops vnll increaM the risk of zinc and iron deli • 
dcncies across these populations and will add to the already oonndcrable 
burden of disease asMcutcd with them. 

Hk implications of decreased protein concentrations in non- 
IcgumiiiousCi crops arc less dear, l-tom a study of adult men and svomen 
in the Uni ted Stales, there » strong esideiKC that the substitution of die- 
tary carbohydrate for dietary protein increased the risk of h>pcrt<iuion. 
lipid diicirders, and 10-yenrc»ronary heart disease risk'*. I'orthedevd- 
oping world, m inimum protein requirements for diflcrcnl demographic 
groups are an nren of aciiw research and debate’*, for countries such as 
India, howeser. in which up to one- third of the rural pofwlation is ttiou{^i 
to he at risk of not meeting protein requirements' ' and In whidt most 


protein comes in the form of C> grains”, deemeed protein content in non - 
leguminous C| crops may have seriousconscquences for public health. 

Whereas zinc and iron were s^ificantly decreased in all C* crops 
lesicd. only iron in maize wasobwrved lo di^-aK among the crops. 
Ko changes svere found in sorghum. 1'hat zinc and iron dedines were 
notaMc in C« crops but less so in Q cre^s is comislenl with differences 
in physlolog)'. C* crops concentrate CO^ IntcmaJly, which results in 
phoi<H)-nthesis heirig COj-saturated even under ambient (CO^I con- 
ditions. leading to no sumulatlon of photosynthelk carbon asstniila- 
lion at devalcd |CX)}| levds under mesk growing conditiont". Our 
finding that prolnn content was less affect^ in legumes than in other 
Cj crops is oho pliysirdogically consistent vritli the general ability of 
leguminous crops to match the stimulation of pholosynthctic caibon 
gain at devated iCO^I with greater nitrogen fixation, tomaintaui tissue 
carbon:fHtrogcn (CdC) ratias”. In contrast, most temperate non-legume 
C] crops are generally unable to extract and assimilate sufficient nitro- 
gen from soils to maintain issue OK ratios'*^. 

I jtllc is known about the mcchantsmfs) responsible for the dcci inc 
In nutnail cocwcntrations asmeiatod vnth ekvolcd (OOt|. Snne authors 
hawe proposed 'carbcih)drale dilution’, by which OO^-stimulalod earbo- 
hydrale production by plants dilutes the rest of the grain components'*. 
To tot thb h)polhesLs, we meaMired eoncenirations of addibonal de- 
ments for all crops except wlical ( Extended Data Table 4). Our fmdings 
were inconsistent with carbohydrate dilution operating alone. If only 



F^arc 1 1 Percenlape change in nuirtenU al elevated (CD)] trialiiv lo 
iroblenl |CO)|. Niiinben in parenikaes rda lo ike nuinba of cuenparison 
in wbkh replkales of a particular cuhivar grown at a qiectik tile under one wt 
of growing condiOoM In one ycai al devated [CO]} him been pnolod and for 
which mean nuincnt values for these repOcaics air compared widi mean vatues 


ambient [CO]). In mosl IntUiKcs, data from four rc|dicsles were pooled for 
each vakir. mmntng lhal right exprriraenis were cambtned for each 
iompariian (kc 1'iMc I (lu drtalh of expcrlinenls). tirror ban rcprocnl 
9S% confidence Intervals of the esiunaics. 
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hlfiufc 2 PefccnUfic <baA|ie (MUk 95% conAdcfice lni««vak) tn nuirtektt •! cinvicd ICOj] nUiivr In ambtcni |CO}). hf cuJtlnr. a> b. tmiK c. pMctn- 


p^stivc dilution of nirtfwnts wcfr occurring, wc would tuvv expected to 
xce very aiindar change* In (he concentration of each nutrient texted for 
a given crop. Incontra*t.wefound that elemental change* in the indi- 
vidual crops are dixtinct from each other, lor example, in rkc grains 
(Kxtended Data Table 4) the decrease in zinc coocenlratxins associated 
with devated (COj| was significantly different from (he decreases in 
tlie concentrations of copper 0.00 1 ), calcium (P s 000 1 ), boron 

(PS 0.001) and phosphate (P> 0.010). litis heterogerteous response 
was alu> observed in receitt analyses reviewing pusslblc medtanisins 
for nutrient changes in both edible and non odiMc plant tissue* grown 
at devated ICOj)’^. It alto seems that (he mechanisin(s) causing these 
ctttngcs uperabe distinctly in diflerent specio. In one imiance, for example, 
wc found boron to be significantly decreased in soybeans (P ^ 0.00 1 ), 
whereas it was significantly devated in rkc grains (P s 0.001 ). Although 
these differciKcs may. In part, have derived Irom different envir- 
onmental condiUorM, tliey s^tgesi that (he mechanism is more complex 
than carhohydnile dilution alone. Of all the dements, changes in nitro- 
gen content at devated ICOjI have been (he most studied, and InhlbtUmt 
of photorespiration and malale production'', carhuliydrale dilution^, 
slowvr uptake of nitrogen in roots'* and decreased tnmpiration-dnsxii 
mass flow of nitrogen' may all be s^ificant 
We alsocxamined the effects ofdevated|CX)2l on zinc, iron and pro- 
tein content as a function of cultivar when data were available ( I'ig. 2), 
Whereas nwisl crops showed negltglNe differences across cullivars, con- 
cenirationa of zinc and iron across rice cultivan varied substantially 
(P • OXH and P ■■ 0t>3, mpectivety; 1-'^ 2a, b). Such differences between 


cullivars suggest a basis for breeding rice culttvors svhosc micronutrient 
levels are less vulnerable to iiKreasing (CO||. Similar effects may occur 
in other crops, given that the statistical power of many ofour otlicr inter- 
cullivar tests was limited by sample size. We note, however, that such 
breeding programmes will not be a panacea for many rcamns includ- 
ing the affordability of Improved seeds and the numerous criteria used 
by farmers in making planting decisions diat include taste, tradition, 
marfcclabil ity. growing requirements and yield. In addition, as has been 
noted pres'iously, there arc likely to be Irade-offs wHli respect to yield 
and other performance characteristics wlicn breeding for increased zinc 
and iron content'*. 

The public health implicatioiM of global ciimotr chanp; ore diflfeult to 
predict, and we expect many surprises, 'fhe finding that raising atmo- 
spheric |OOj| lowm the nutrilional vidue of C} fo^ crops is one such 
surprise that sec can now better predict and prepare for. In addition to 
efforts (olimit increases in (CO)|. it may be important to devdop breed- 
ing prngramma designed to decrcaae the vuIncraNIily of key crops to 
llm changes. Nutritional analysHof which human populalnns are mod 
viflnenMe to decroued dietary availability of zinc, iron and protein from 
Ci crops could help to target response efforts, including breeding de- 
creasoditciKilivit)' to delated |COt|.biofortiflcalion.and supplementation. 

METHODS SUMNURY 

Weexamliwil dw response of niUrteM kveb w rfesawd annoqiheric (CO;l for die 
cdMc portions of rta ((kyat Mtiwi. 18 cnitivin). wheat (Tnocum iirKmrm, 8 
oiklvon). cnaiM (ISm 2 culSvan). soybtsns (GbrMr nuix, 7 rsihMrsi. Arid 
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ptat (jhwM MNniiH. Scultinin) »nd turghum (Soi^inn ^KDl0^ I ciikhrw). The 
lA <ropt weic gr<n«n under FACE oanditKmi In al ilx expenmcnb the eletKed 
ICOJwMln (heranip S4A SUfi p-m. 

In Mcoodance Mth mediodi detcrihcd pKvtouatjr'*'’. the natural togarldini t4 
the feafonte ratto (r •• retfMtae in ekvated |(X>)|A«ipO(Me In ambarttl iOO]i) 
mt used an (he metric iot analyis and It reported as dw mean percentagr diange 
OOd^lr D) at elet'aled |CO}|. Cotniilenl with these earher analytes ol mul 
tiple tpeclex ftmen under FACE, oondithuu. the rcspnntct cf diAerent ipoclet. 
cukivart and stress cieMmeMt and iront dUlerrni yeartofihe PAC'F. experiments 
seere coeuidered tn he independent and suited to mrta aital)tK analysit** 

The meta analysis was drsigned to estimate the eflcct <d elesaitd |CO}| on iIk 
onneentrabon of each nuirimi in a particular crop and in drtrrtnanc die ttgnifl 
cance of ihas edeci itiaiisv to a mil hypothesis of nochanpr. Al trait ««m conducted 
as tvm tided; dial iv not ipec Hying vhich direction ihenutilrni concentrallnns v«rr 
acpecledlo<hang(underelesaied[CO}].Mcta analysts smsoonductedvitthaliiwm 
mixed modeL 

Parameter eMlmaKssecte obtained bythe restricted maximum UheUwodniellKid. 
a siaisdaid appetuch for anatyting repeated measurfments" that. In our case, were 
of nutrtem concemratlons at the lime cf harunt. Results for al analyses are re 
portid as the best estimate of pcrtcolage changrt in the cnncmiraiien of nutrtenls 
along with the 95% confidence inirrsals assodaied sasih each esdmair. Tsro tailed 
Psakift are aha repotted. 

Onlliit Confonl AAy aiMi«nai Moiriodi. CxwetdM OoU duptay damt and Source 
Data ora a«o>Mil» m dw online vervon ol the paper; rvlirencet urMQut to these 
lactiom appear oniy us trio onlino paper. 
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METHODS 

W* fnmintO (he mpomc of nenkiu kv^ toeIrvMed ssiKwplMrtc |COil for ih< 
nUilr fortion* of rl« (OryM Mirinfc IS euklwt). whrai (Tnorum iiMmMtt, 6 
ciMvan), malic <Zm 2<ailtt«an). aoyheant {Cfycitit max. 7 cuklvan). 6M 
pcaafAsum M(miMi,S<u]lKwi| and torgbum (Sof]^ii«n focoller, I cidUw). The 
in oopa mte grotm under FACE coodMIoni; In jl aix eq>aiin(nU. (he deviled 
iC0t)watMlheeaft|trS'l6 MSp.p.in (<ce(heA](rlculrurdMe(hodt>enMibehne 
for drtiak auocuicd wnh irxhMdiMl (rub)i 

StMiilkv tn aceoedaiMc vnih mdhoda draenbrd prevtowly’**'. die nalura) kig 
arthniofdiemiMitaenttofr** rrafuimrln elevated KX)3l/mf>omr in arnUerK 
|0O}|) vraa uud at (he metne for aiulyies and > reported at the mean percentage 
chan^(IOOX(r - IDMrievaMIGDjI.ComlUnMwIlliIbnenrlieruialytctof 

culdwt and tbett treatmeiMi and from diderent jmn of (he FACE experinientt 
were contidercd to be independent and MUled to meta andytk analyiit' *. 

Thrmcta Mal]rUtwaidHlgnedineiiMnaic(hcownlell(ciofdrvatcd{COj| 
on the CMKMitrulon of each miMrni In a panieidar oop and (o ddeemine die 
rilpudcanor of dilt dlrct reblive i» a null hypoiheiia of no change. All Wtii were 
conductedatlMo dded nd tpeadyingwhkhdtoection die nrtflent concei ni a ll u wi 
werceipeictedloclun|punderdevaled(CO}| to make the analyMi at general at 
pntadile. Mela analytit wat conducted wMh a linear maxed model A random 
infcKepl wat induded for each companton. lepretendng nutrlmi trvd varlahllHy 
iHuelaied to |COi| ihal wat common to both ireaimml grOMpt. Addillooal ana 
lym inihcaieil (hat (he eHixi of |c:Oj| on anc conccnlralion in riot vm mndldrd 
by culbvar and anMunt of nitrogen appheation. tuggnUng tyiamiatic variabont 
actotalht pooled andyiat of rtcr.and^ ihnetampdrtllwaathovenihallhrrihci 
on line concentmlcei wat till tignilicani when Indudmg inieractloint leeim for 
cuhivar and nnrogen. Ko odict tlgmAcani modUicatlontof the (COjI diect verte 
rdenilded We WMed wheiher ckanget In dllictcm mnnenit foe particular crept 
were uailtiiciBy ifcfKrreni fmen each ocher, at hat been detcribed'*. To addreat (he 
iuiat of multiple comparitont when irnling foe dllfreencm hetviTen culUvart 
within a crop, we cntihiplitd (he P value by (be number of toidtpendent compar 
nom. Thit approach foBowi die to catted Bonforronl correction and itconterval 
(vein the tenteofbmmg the f*valuet hagh, bat ndl ihowt that Indmdul tetl retukt 
arc tlgpitfkani detpMe ihor tueteig bem tclected from midnple teitc. 

PanuBMerauimiawBrcbiatnedbyiheRiirtcicdmtxKnijm kkcfthnodmdhod. 
a oandtrd approach for analyung repealed mcaiurtmeM data'* that, in our caae, 
were of nuirleM concencialiont al time of hwiVtL Rendia foe al andywt are 
reported at (he bed etiiniaie of perceniagr diangtt in the conccnlralion ^ mini 
entt along with the tiX conAdrnce ininvab atnxlaud with each cdimaie. Two 
tailed P vahiea mx alto reported. 

Whoi confining our data widi previoudy puUuhed data, we deAned outBen 
at pun in which the dilCeeencr between an cbtctratinA M ambleni |COj| and 
clevaird |CO]| wat at leatl three Uma the ttandard drvtaUon from the mean 
dllfrrcncet for that crop and nulrteM type when cjfeulMed utingal ohaervadont. 
Uung dnt criterion, we rachaded a total of two pMn of prrvtouily publUhrd data 
from al anafyica; (hrtr included one obaervadon of Icon in lice and onrobacrvdlon 
of Bnc in potato 

Agricullnral methodt. Rice (Oeyw wrraa, IS cuhivirth wheat (Thrwirni ueMi 
vwii. S cukivan). mal» <2M mayt. 1 cidlbart). loybmni (G^mr mu 7 cold 
vanh field peat (ihnrm wMvum. f etdUvan) and toeghum (Soighum hwofor. 1 
cuhlvar) wtte grown under FA<X oondidnni during dayllghi hnurt. The expect 
mcMt were conducted In Auticaka. lapan and the United S(aMa hetween 1998 and 
2010. AndkeM [COj nngr»w<cebe(ta««nM}and3Shpp(n.iel(vaicd|0O]|wat 
between M6 and SSf pp.m. With (lie aterptinn of aoybeant, each expeeimcni 
invoKeed muligdc cidUvan of each oop and more (han one tel of growing con 

Umm. with the exception of one of the rtce tiiet. for which (hree repUcalet trete 
preformed TheardaaaraMtnmartiedinTahlel.andaddldonaldelalliofilietoll 
and growing condUMm. FACE imthmit and eapetinwnul deiignt have lieen 
pufahihed foe lice*', whmr**. tnatw". toybemt**. fidd peas'* and torghum". 


Minerab method. Sampbt were aoalyied for mincrak by heated cIomiI veaset 
dtpetdoat/dbicdimon ««h mine acid and hydrogen pefoxtde foltowed hy quan 
tuicalion wilh an Inductively coupled pbona aloenic eralitatn ■pecdometre'*. 
Kitrogm ccaiteni wat meatured by flath coenbuidon of the tienpb coupled with 
ihennil coeeducdtliy^lnfraied dctecHon of the ceunbundon gates (K:. and 
GO}) with a LEOOTruSpccOf AmlyM'*. Prolem valurt an bated oo mratuev 
enent of ntlr u gen and coetveeetontopmiein with (he enuannn below, where! - i36 
(ref 38k 


protein (wdghl %> — I; X nitrogen (waghi 


ForphydcactddcIcnninaOoixamoittfiedweTiloncftliecneilMidofref. 39wat<ued 
The accuaacy of (he method wai monltoeed by the includon cdusuir tiandaidt of 
known and rarying Icvdi of pb)tlc add'*. 

Dietary calculaltons. The United Kadoni Food and Agriculture Otgpnlraunn 
(UKFAO) puUatlica annual Pood Bdance Sheets which provide country ipecdk 
data on the quandUet of 9S 'ilandardiled' food comenodlllet arallahb for hianan 
contuenpilcn. Data, opretted in termt ef dietary energy (kttocaloetts pet penon 
per day) wetc downloaded for 210cDuniiics and In i il u i i et wdh avaUIr informa 
don for the period 2003 2aD7(n'albhkalhilp’//fontuLfa<Mirg).Thepaccntageof 
dlrtaiy energy avsibbfe ftem C, graurt (whM. bariry. iyt;cuit, nor and 'ceteali. 
other’ (eachiding i><tgrwtu 1^1 wat calnilaitd gfebatty vrilh etUmaies wrighiedby 
niUocul population sUe (188 countnn avatbUt; UN 201 1 : 2012 levitkn availabk 
at htlp/icta.uncBgArpp/). 

ENetary Intake data froen the UNFAO Food Babnce Shceti (to yrar 2000) and 

Kutrimi Databaie for Mandwd Reformer wrrr uwd to calculate per pceion nwitl 
ent mtake for 95 food Itemx Iheie were thtred wriih ut with p«nnlBion''.Tht> data 
tel wat uicd to calcidile the contrfouiion of each food Hem to total dwtary rinc and 
don intake, and the peopordoeu of al food lieens derived from Ct R^dnt and 
Iripienet were umimed to idmtify counlrtet that ace liigNy dependent on plant 
tourco of (ran and line (Tuttended Data TaMe 5). 
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Extended Data Table 1 1 Percentage change in nutrient content at elevated [CO 2 ] relative to ambient (CO 2 ] 
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Extended Data Table 2 \ Original data combined with previously published FACE data from studies 3. 4, 6 and 7 
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Extended Data Table 3 1 Original data combined with previously published FACE and chamber data from studies 1>10 
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Extended Data Table 4 | Percentage change in nutrient content at elevated [CO^] compared with ambient [COj] for all nutrients 



Extended Data Table 5 1 Countries whose populations receive at least €0% of dietary iron and/or zinc from C 3 grains and legumes 


Countni' 

% Irtm from < j 
grains & kgumes 

% Zinc from Q 

grains & legumes 

Population 

(in thousands) 

Afghanistan 

78*0 

78** 

31,412 

Algeria 

76*. 

79** 

35,468 

Iraq 

74*0 

83** 

31.672 

Bangladesh 

72*n 

g8*P 

148.692 

Iran. Islamic Rep of 

72*0 

77*. 

73.974 

Pakistan 

70*0 

72*. 

173.593 

Tunisia 

70*» 

77*. 

10.481 

Jordan 

69*0 

73*d 

6.187 

Morocco 

69*0 

78*. 

31.951 

Syrian Arab Republic 

67*. 

71** 

20.411 

l.ib>'a 

67*0 

7IS 

6.355 

Yemen 

66*0 

75** 

24.053 

Mxanmar 

65*i 

8I*« 

47.963 

Tajikistan 

62*0 

56** 

6.879 

India 

59*0 

7I*. 

1.224.614 

Egypt 

54*p 

65** 

81.121 

Indonesia 

52*p 

65*# 

239.871 

Sierra I.eone 

51*P 

70** 

5.868 

Cambodia 

49*» 

68*« 

14.1.38 

Sri Lanka 

46*0 

69** 

20.860 

l.aos 

44*0 

66*« 

6.201 

Viet Nam 

43*p 

61** 

87.848 


Total 2.329.612 


Sourc*: Lmtad NbMis Food and AfnculU* OrfarazaCiori iood batanc* shavs and 2010 UnM Kawns aatimaiad populatio<A. 
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Food for Thought: Lower-Than- 
Expected Crop Yield Stimulation 
with Rising CO2 Concentrations 

Slcphtn P. Eliubclh A. Amlrtw D. 6 . 

Josef Nosberger.' t>oneld IL On* ’ 

Model projections suggest that oUfMHigh increased lemperatu re and decreased soil rooitlure will act 
to reduce global crop yields by 20S0, die direct friKIbation eHect of rising carbon dioxide 
concentration ([CO^I will offsei these iostes. The CO, fertititation factors used In models to project 
future yields nere derived from enclosure studies conducted approximately 20 years ago. Free*air 
concenlration enrichment (FACE) technology has new facilitated large-Kale trials of the major 
grain crops at elevated (CO,J under (uUy open-alt Held condMIens. In ihese trials, elevated [CO,| 
tidunced yield by -SO%h Ins than in enclosure studies. Thh cash serious douM on projections 
that rising (CO,J will fully offset losses due lo climate change. 


M iivli eflhft hox been pul into linking 
mndek ofchnuie and ccegs gnnsdr m 
finiue changn m crop yxlds 
and food supply acrom ilw globe (/-^K Pro- 
jeci»unx rvMew'ed by the Inlwgosemmaital 
Panel on danaie (longe (IP(Y*) oiggcw thoi 
inoeawd scraperanav raid decrea!«ed ml muns- 
tm. whtcli would rehciwtse reduce crop ysekk. 
will he offset by the direct fcrtiliTanon effeci 
of ming carhnn dioxide conceiittalinn (iC'(),}t 
(5-7i Tbc IKX' projecticeui suggest dui total 
emp yxM nay n«e when aven^ged acnim the 
globe;, but this net pim will rcsuli from generally 
lower yidds in the BopKs and nwreased ysdds m 
senipeiaie rones. The aocunicy of these prpyeo- 
Oons and thus fbnme food senaiiy depend cnt> 
xailly on the nagraiude of the (X), fimilintion 
efiixt imJcr acnal growing oondfli^ 

AEmospherx (CX),) has risen fretn *-260 
puits per mdlicn (ppmlapprowmalel) ISOyeom 
ago h> .IM) (gwn (nday (Jlh. Yet (CX>,) is marked- 
ly unifonn across the globe: so. in oonitast to 
temperanire and soil moistune. there » no con- 
sKteM spatial vanatmi on wtuch to estanale 
ymld respnnes to increasing |CX),|. Snularly. 11 
is im easy to alier (CX),) experimentally around 
a crop m the field As a renill. most information 
about crap re<q)oiMcs lo clevuiod KX)j| is ob- 
tained from snidies m greenhoiMx. btunamy 
CTwnwHed-env ui aaiieia chambers, and l^uHpa^ 
cm fieU chambers, where released CX), may he 
retained and easily controlled These settings 
base provided the hosix fia peojectmg (X), Fee- 


'Oipmnert *iwt bohivr. 'otpwlnxft ol Crap k>- 
•ixev 'iisMSte Iw Oe newK Iratopr. Uroeiviy ol newt 
<1 Uitoni Oueipogn. 1201 Wm GrapDry Onw. Ikbmx A 
aiOOl. UiA *Mialaiind«m lUnotli Uml. LU. Depart- 
oitrt ol XpnaOura-iXgwuHioat OneaHh itmer. 1201 
Wru Grtpoy Orro. IHhani. A 61001. UM. hnunw* let 
Hart Somov HH TUixK OW Zumh. SwQHtwd 
'To ithoni ccriospcrdmo slieuU bo adOi ow d i-OMi 
sXe«*Mpli*t eut edo 


nlininm effocis cm the mayor food crops: mairo. 
IK*, sorghum, suyheaiM. and when! 

Crops sense and respond dvcctly to nsaig 
|CX),l through photosyrnheas and stomala] 
ounhictancs. and this n ilw ham for the for- 
nliminn effeci on yield (9). In C, pfants, meso- 
phyll cells contamaig nhulo(«-l.5>hiipbas|4uce 
carhwylase-oxygcnase (Rufii«CX>) are in direci 
contact with iIk tnecrccOular air space ihai is 
connected to Ihe aUitiKphere vn sh i ma lal pores 
in Ihe epidciints llecKe. in <\ crops, risbig 
CX), imeasev net phntoKynthetic CO, uptake 
because RuBisXX) is not CO^-saninied in 
tcnfay's atmosphere «d hecaute IX), inhibits 
the competing oxygenation reaction l^mg to 
phiUoreiye ni Poa ItuBivCX) is highly comerved 
across terreslml plants. » uMantaneous r> 


spimset 10 mcivased |CO,] may he gencniued 
across Cj pkmis. atchiding ikc. soyhons. and 
wheni in dieoiy. at 2S*(*, an increuse m |(X)jj 
from the present-day value of 3)t0 ppm lo dsM 
of SSO igim, proyected for the year 2050, would 
increase C, photosynthesis by 3gS (9). In onn- 
irasi. ffl C 4 crops such as mam and awghian. 
RulhsCX) IS lo^md to bundle sheath cells m 
wluch (X>, M cncKentreled to three lo six nmes 
aimosphenc |XX),j (/O) Hus conceniratsnn ts 
Mifficicni 10 soluRUe RuBislX) and in ihewy 
wwiM prev«x any meteaxe m CX), uptake wiiti 
rM«ig |(X),|. Although (*4 crops may nut show 
a diteci respome m phiiiiKyiiihetic activity, on 
iiKlneci increase in Ihe cflictency of water use 
via reduction in sioinaial ccnducbince may still 
incrcaM yield (9|. 

How have CO, fertHirallon lactors been 
dcrivvd? Most m^ls used to presbci future 
crop yields, including iliose within the IP(X' 
(5). are from two fomilies: the Oecision Sup- 
port System for Agrorechnology Transfer 
(DSSATi ( 6 . //. 12) and the Fxmaon Produc- 
tivity Induct <‘alctilalor(F.I’l('t<fi-/5l Studsev 
usmg DSSAT assume (X), fertiliTanon fadois 
huBcd on the method of Peart er al. (Jl. which 
used summanes for wiyhearui (/dl. mam (IT), 
wheat [fflK and nee (/^l Snidies ui*i« FPK' 
(IS-'iS) assume ft), fiaiiliTalinn foctore twwd 
on the method of Siockle «v at. fdi. which 
parameietired a (X), response function to 
reproduce the mean ywhl siinuiiaiions nepotted 
for elevated (CX),| by Kimball (tSl Tmcang 
DSSAT and mefiink hock reveals that ihe 
magnitude of the <X), feitifanticn cRbcis in 
these models is prunanly hosed on tkita from 
three liicnrture leviewx from the I98(K (/d-y.T|. 
TTw Ct), llestiliTUlion effect! repieted in theie 
reviews far die mayor crops are given tn Table I 


Tabic 1. Percentage increases fn yield, biomass, and photosynthesis ol crops grown at elevaled 
[CO,] ISSO pnMl mol relalfve lo ambient (CO,] in enclosure studies versus FACE experiments. 
Data for enclosure studies were sumnuriwd by Kimball (Jd>. Cure and Acock U2), and Allen ef at. 
lid) and in Fig. 2. Mean response ratios from these reviews were adjusted to an Hevaled [CO J of 
&50 pinol mol > by means oi Ihe nonrecUngular hyperbolk functions for C, and C, species mm 
Fig. 2. The values that summarize all chamber studies shcnwi In Fig. 2 are given in the row entitled 
“enclosure studies." Percentage Increases lor FACE studies were generated by mcla-analysis [see 
supporting online material (SOM) and laUe S2l 127). 
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after atljwantnu w camaic crop pafMr»ini.T at 
a caxnmon ((tlj) of 550 ppm. <'ollectt>«ly. die 
fimilaaiioo &c«m avera^ across ihe C, crofs 
(rice, wlwm. and Miyheam) ane 24% tur vkUL 
27H for bKHnau. and 29^i for pholosyniheHs 
The rnqwnies for nuiM were kmvr exccfN for 
yieldl aiuch was reponed h> increne hy 27% 
(Table It All uudirt included m the revews 
lined encloMiivs. such a* controlled eniirormen* 
tal chomhen, tranifiarail field encluniief. or 
open-hYi chamberv Since the IVWh. many for* 
iher ctiarnber midiet haw been condiicied 
VMien itiese ore cunipifod for wIkdI and siy* 
beam, an ei«n taryer yield fenilixotMin factor of 
21% H sutiyeiaed (TaMe U Aldmi^ dus is a 
Meallh of data on winch to prqiect a Ctlj ferhl* 
inbon effrd for crops across the globe, no 
agrochemical or idanf-breeduig company would 
base Its bwineiK plan for a new- chenucal or 
sanety solely on greenhoute tawbes wirtawii 
ligotuus field mak (/P. 201- Vet mr cuneni 
prcjectiMM of foture world ftNxl wppiy are 
howed on such pcwniially inadcginre daia 
Why mi^M dianber sludiet be iiude<|ualc 
for pr^kting future yields? Many chamher 
studies uicd plants grown in polv which ore 
now known to alter dv rcspcaise of plants to 
elesuted {COJ (2/>. Most of the fiey studies 
used <ipen>hipped and transpareni*w-alled 
chandien. iqi to 2 tn in diameter. Deiprte being 
partially open lo the aiini.ispbeR. irnfwnani en- 
vironmental dtfleienccs lemain. In a chamber 
carefully designed to minaniTe environmental 
differciKcs. teoeiviiig -75% of hill sunlight, 
the lemperalise insade the diamber was 43^ 
warmer and the water vapor pceswR deficit 
was 0.8 kPa hi^r (22) than outside the 
chamber. The inikuittviion of sunlight imo the 
dumhen was lower and the ratio of difhcte to 
direct sunlight incrcaMd. Other chamber types 
wvMild cause even tpeaier pemirboDon of die 
natutal cnvirunmcnL All chambers alter air 
flow and oitercepl raaifall. Access by pests 
and diserues ■ testiictedl but if they gam ac> 


ccfis. higher bumidxiy and mote thchcr may 
accentuate epidemics. As a result, the effect of 
the chamber on ptos k oftoi gtcaicr chan that 
of elevated ((Tijl (2df In ogronomK trials, 
hiiffer rows ore used between trostments; typ- 
kaJly Che width of this Tone is twice the hei^ 
of die crop Decause of the small practical sue 
of chambers, most or alt of the treated crop will 
he within this tone, which could exaggerate the 
ivtponse to ekvaied |CX>}| (2J|. To overcome 
iheve litniioiioiM. free-air concenmtion enrich- 
meni (PACE) was developed. 

How dOM FAtt work? A typical FACE op- 
pontus comitts of a 20-nvdameter pkn within 
Ihe ertip field (Pig. lAk n whKh CO, is ic- 
leaned just above the crop surfoce on Ihe upwBid 
side of the ploi Wind threerkm. wind vekiciiy. 
aial |(T),| (or orune concentialam) are mea- 
aired ul the center of the plol Fast-feedhock 
computer cceitml dien adjusts Ihe pomtams and 
amount of CX), released at diflerent points 
renund die pka. These sysierm have been en- 
gmeeted no that they can operate oontinuously 
fhm wwng to turvest and motncain {(X),! 
wiilun Ihe plot to widim slO% of the taiyet 
level either 550 or <i00 ppm. far -90% of the 
time (9. 24-261 (Fig. IB). Bkvaled |Ct),| de- 
creases ttanspiralion and iherefixe evaporative 
cooing, so list SI Rniqtht the crop k warmer 
HiK con serve to illustrate die uraformiiy of 
trcacmcni (Fig. IB). 

Mmi-FACE systems as small as I m n dt- 
ameler have been dev'doped and have proved 
invaluable in ecosystem studies where the focw 
is on the eflect of nicrea«d input of carbon 
(27 k but they do not escape the proMems of 
enclosuies with lespccl to s^. Avoiding edge 
effects associated with small plots k cniicid 
when the obyective n to determme » exact 
Ct), fomliTation foctiv for crops Our nnalyiii* 
has therefore been limited to foll-sue FACE 
QUetRs of plots >4 m in diameter, iiivestijpittiig 
the five major globed frsxl crops and mane^ted 
patliire systems (table Si): when at MarKopo. 
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Arizona. USA. in 1992. 1993. 199b. and 1997; 
managed paidand at F.schikoiL Switrerland. 
from 1993 to 2002; managed pasture at Bulls. 
New ^eidand. (nun 1997 to 2002; sorgbian at 
Maricopa. Annma. USA, in I99g and 1999; 
rice at Shinikukhi. Japan, from I99g to 2000; 
and soybeans at UihanaAliampaigii. Illinois. 
USA, ftom 2001 to 2005 and maire at the lame 
locatwn m 2002 and 2004 (2tf. 2«). 

Whtt have wc leamtd from (be FACf ta- 
pcrimenls? The respoiM of ptmi production to 
|CX>,| H approxiiitaiely hyperbolic, tiicteasing 
hneorly of suhombienl ouncenlialiun and am- 
rating m around MOO to 2000 ppm. The ratio of 
yield at treatment |(X>,| to yield at almmpherK 
ICOjI won cakulalcd for over .340 mdepcndcni 
chamber studies. Ilyperbulas of the response 
of yield to KX),| were then fh for wheat, soy- 
hennv and C^ gniins (maire ami sorjdium 
combined) (Fig. 2). Only one replicaied FACTt 
cxpenmcni was conduaed with each of these 
crops, but these expeninems were repeated over 
2 to 5 yean. It wws nciiuhle that for each crop, 
the shmulation of yield obsened in FAIT 
expenments fell well hekiw (about half) the 
value predKied ftom chambers (Fig 2). Thk 
was apparent for total bwmass and men mailed 
fee pbniisyndiesis. NctaNy, die simulation of 
phoio^nlliesn by elevated x encloaire 
studies of nee was fow times the value observed 
in the rice FACT expenmeni (Table I ). Widi so 
few F.ACT studies, it nughi be thought that 
ihexe lower values ate the rewih of chance. 
TaMe I shows that for three key production 
me icait e s in four crops, only I of the 12 riems k 
not kmer than the chamber ei|urvaleni. The 
probability of this outcome bang acinbuied to 
chance k lemme (/* 0.003). 

Results from FACT expenmems with 
crops ate comsient with CX>, having no direct 
effect on photosynthesis, but there may be 
an tmlaecl effect through the amelroraMn of 
(bought sttess by reduced stomata) ccnduclance 
at elevated (C^ii (29-i/). Tlin fits the dieoret- 


Flg. 1. (A) One of Ihe 
16 FACE plots of toy- 
beam «i the Unneaiiy 
of Illinois SoyFACE facU- 
hy. CO, b released info 
the wirid from noatoi in 
the green pipe, on the 
upwind side of the plot 
Retege rale is de t emiined 
by wind tpred and |C0l 
whkh k meatiaed at tne 
CHitor of each riig. <B> 
The faise-c^ infrared 
image provides a simple 
vkuaUuticin of the sHib 




lormity of CO, treatment wHhin a FACE plot Here the atmosphere around a 
maiie crop winwi the octagonal plal is maintained at 550 ppm |CO,L wliereat 
Ihe rest ^ the field H at the current ambieik KO,] of - 380 ppm. Mooe 
growing inside an elevated [CO,) plot was warmer In fuH twilight than nute 
grovnng under ambient |COj out^ the plot at 1530 on IS }u^ 2004. At 
that time, the average canopy temperature inside the four elevated (CO,) plots 


at SoyFACE was 27.9 z 0.2X sigrrifkart^ higher than canopy temperatures 
under ambient [CO J outside the plots (26A 1 0J'‘C; F 003). Because the 
pipes surrounding the pM are dryc they are warmer and so appear os whitt or 
U^t yeNow Greater canopy temperatures under clevattd [CO,] mult from 
lomr stomalal conductarxe. reducing latent heat loss by evapotranspiralion 
and leading to lower crop water use, as described in Leakey tt of. (30). 
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ical expcclaiioa dial phoioi^heas is CY)j- 
xahiTJlei) at cwrent alnuiifheni; f/Ok 

tbercfore. no yirM mcmie ««uld he expected 
for wvU>walereO crops. Under droui^ efevaied 
ICOj) incioMd middfly phMcK>'nitmis by 2 M 
in soriJwm (jy|i Hus foiled to tnnslate into a 
signiAcaiU yield increase (.Ck On average, no 
iugnificaiu yield increase has heei observ ed for 
(*4 cru|M or C 4 mU graKtes al elevated ICO,! 
in FA<'F fludws (29t. This is in sharp contrast 
ID the large sBrnuiaiion of yKld for well' 
watered pbnts in chwnhen (Fig. 2Bi used 10 
ixuanwtenre RWikk Thu sugfimls that (he 
consistent stimulation of crop yield by efo 
vaied |<Y)j| cierently iqiplicd in models n 
inappropriate Al best. yteU will in all prob* 
abtliiy ^ enhanced by elevated ICX)]) only in 
limes and places of drought 

Uheut and nee FACT, expenmenes included 
lutrogen treatments Atihe fowrst (N|<l$lo 70 
kg of N ha 't. die average yieM incieose with 
elevated ICC),) was only {2Ki, just over 
oiie>lhird of that of ihe chamber responw 
(Table Ik AJdHWgh this N ii^ii treatment 
was considered low by Ihe siandanU of 
intensive agnculluie in die F.uropean Union 
and United SBMes. these levels exceed dw 
wveU average and may theiefore he cloter to 
the stimuIaDon foclor for crcfs yields octoks the 
globe. Lowvr>ihBn<xpected yields tmder cfe* 
voted (COjl arc not Just confined 10 grain 
crops. For example, the major C, herbage 
grues, iMtinm perrnw, ako showed a yield 
inciease of only 9% at two locaiions: and at foe 
lowed {fl|{lflOto 140 kg of N ha''k dw yield 
increase wus an inugtuincani 1% (table S2l 


( 2 /f). Alihou^ die data here apply to a single 
speoes. /. prrrme k one of foe mact imporiatU 
and widely grown herbage grasses in the 
lemperaie xone 

No FACT, experiment has been oonducled 
in foe iropocs. hut rwo foctors emerging from 
temperate studies have parDcular cmpltcanons 
for tropical crops. Fini. the <X)j ferulmiion 
effect may he smadl without large addrUons of 
N. Second. FACT expenmenls with the major 
grain crops of aib-Sahwan Africa, soighum and 
maiK. have so for failed to show any yield in* 
cieuM (nun elevated ICXlj). hui\ cr of. (F) 
pnijecied that yield fosses in these countries due 
to climate change couM he 10 to .10% hy 20St). 
hut these would be ameliorated to only 2.5 In 
S% when the (‘O^ fertiliution effect is aiUed 
(F). The FACT experiments suggest dial this 
amelsorabon may he for less than expected 

Rbing wtfam oioiw. liKieased comhusison 
of ftieb will increase not only almiMphetK 
ICO,] but also ani a s sp hen c lUtrogen oxide con* 
cenCrabons. wbiclv when omqded wah cknute 
dunge. will result in a oormnued increase in 
wrfoce omne omcenttalion t| 0 ,|k Ntay naal 
areas in foe temperate /one of foe Northern 
Uenatphere. as well as in die tropics, are foiecaa 
to sec incieases m {O,) of *-20S by mideertury 
(Xk Orrne is tnxk to pbuns at CMKcntranom w 
low as .10 ports per billion (ppbi AMwugh 
chamber studies have shown large yield losses 
owing to elevated (O,) (iJk diM effects are 
not tiiciiqua al ed in current projections of future 
yieUs ( 2 . 

Utibl very recently, foe only studies of the 
effects of elevared [O,] on creps were conducted 



FI 9 . 2. Elfocls of riewated |C0,) on crop yield. Data are yields at elewaled [C0,J relafoe to those al 
ambirot ICO,] (arrow) tor (A) soybeans fo chanfoers (solid Mue ciiclcsl and FACE (blue sguaie, hidden 
behind red sc|uare) and wheat in chambers (red circled and FACE (red square); and (B 1 C. crops (nulie 
and sorghum comhinedl in chanben (green ckcln) and FACE sbidies (green styuare). Error bars 
indkato mean x 90H confidence intervals around Ihe means for Ihe FACE studies. The chamber studies 
included 11& independent measures of soybeans (2i), 211 of wheat (id), and 14 of main and 
sorghum (table $31. These measures were divided into 10 classes of growth (C0,| in 100-ppm 
increments. Plotted values are the class means of growth fCOj and yield. Solid lines are foe least* 
squares fits lor the nonreclangular hyperbolic response of yieUi to growth |CO,| from these enclosure 
studies of soybeans (Uut line, W 0.98), wheal (red line, f* 0.88), and C, crops (green line, 1 * 
0.99). The yiitd response of soybeans In chambers to growth |CO,| of 900 to 999 ppm {open blue drde 
in (Al) was an oulUw and was euluded from foe curve fining. Fwi delays of Ihe me(a*analysis methods 
and results from FACE are presented in the SOM and table S2. 


in chambers, and il wan unclear wbefoer sitni* 
for luMcx would occw under amditionc of nnr^ 
mal canopy 'obnosphcK coupling in foe fWld. 
Moripm rt al. (34) utod a FACT system adapted 
to eleviue (0,| naher than |CX),| to examine 
whether the decreases n yield fw soybeans m 
central (lliitois projected fm» chumlw expen* 
mens occutmJ m foe epen a*. A 23H uicreuM 
in | 0 ,| from an uvvrage doylnne ambient con- 
centration of $6 to 09 pph over two giowtog 
seasons decreased soybean yidil by 201 V llow 
diiex this aompait with foe expectaimns esolv 
lulled ftom dumhei xtubes? Oiuetl on a prior 
cumpifoiion of clKunher vnidws (iJ), foe ex* 
pedal decreaw wax 8 % If foe effects of |Ct),| 
and |0,| obsenvd m FACT studies are additivv, 
foen foe net efled of simuluneous mcreanes in 
[0,1 and |a),|. ns foreewo by tiv IKt' AIR 
tcenunoK, would he a 9% deoeme m yield, 
compared wifo foe 23% ukivbk used to po- 
rwncicri/e current models (Table I ). (liamher 
studies wiggna foal elevated (<'(),) may provide 
some protedton agauM elevntod | 0 ,| and there- 
fore the efleds will not he adifcnvv. bin dus las 
yet hi be venfied for any emp under open-air 
field condmorLs 

tWhal is needed) The CO, feitili/aiion ef- 
fects, denved from chamber expenmentv, cur- 
rently used n crop models foiecaiii suhrtantial 
increases in ftmite crop productiim under con- 
diiioas a!»ociiiied with climMc change The 
FACT expenmems. conducted in open fields, 
are not wnhoui their lumlatwnx (2<k 3S). hut lep- 
lerent our best simubtions of foe ftmoe elevated 
ICT),] cnviroranenl. C)Ur mefo-analytic summary 
of die FACT experiments indicates foal there 
will be a much wnaller CO, lertilizaaion effod 
on yidd than cuncruty assumed, am) pasnMy 
Intk or no niimdaiifln for C 4 crops. 

The average yield memwe at elevated |C*0,| 
for crops in FACT studies fell well short of foe 


40i 



Theory A’ Sowom VnM 


Fig. 3. Comparison of foeoretkal and actual 
changes in C. crop production parameters at an 
elevaled |COj of SSO ppm relative to ambient 
[CO,L Theory, theoretical RuSbCO limited photo* 
synitiesn at SSO ppm «9) and SOM]; A', mea- 
wicd daily integral of carbon uptake; biomass 
final above-ground bwmass; yield, harvestable 
grain yield. Enor bars indkale rnean s 90% 
confidence inteivals. A', biomass, and yield were 
measured in C, crops nposed to elev^ [CO,] 
in FACE experiments (table S2). 
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tlwoniKaily poatMe mcfcase hac«<J on die 
wellilefmed ptopertiet of RuOtU'O (Fig. 

At 2S*C'. an in:reaM in |CUj] lu SSO n**” 
diouM incrcuM ltjdil*Miur4ied photONyndieuK 
by .16%. The axerage increase obierx'eO for C, 
cfop« in FACT, wax 20% for die ihily miegrai 
of pliotDiiyniheDc CX>j Mpiafce. 17% (or loial 
bian«K&. anJ juu 11% fior yidil (Fig. 1 |l This 
wggeals rtiiii a senes of feetlhacis operaie m 
the fieM (o cnnstniin realiTadon of the iNKenfiul 
benefits of elevated (C'OjI. Only with a 
thnniutth hig^>>pnonly R&D eflint nugtil w 
(nercotne there feedhaclu and acfaiexv Che 
poieMiuJ gains in (tuid sufiply 

The Fact expenmems clearly show that 
much lower CO, fcmlinition beton diouhl he 
used in model prajectioiu of fuiuic yiehh; 
bowvxer. the preseni expenmentv are limiled in 
the range of growing aeidiliom that they oo^er 
Scicntiiits hose not investigated the inienctive 
effects of umiikaneoiis change in |CX>}|. |0)|. 
tetnpetaluie. and soil moiaiae. Technological 
advances suggest ihm large>scale open>air 
bcilitiec to investigate dwve iniefact>«m over 
ooniinlled gradients of variation are now pos- 
sMe (2d). Although we have projected resiihs 
10 2050. this may he too (hr m the future (o spur 
co m mer cia l R&D. hut it must not he seen as 
too distant to disccnaage R&D in die ptiMic 
sector, given the loi^ lead times that may he 
needed to avoid global food vhonage. 
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Frictional Afterslip Following the 2005 
Nias-Simeulue Earthquake, Sumatra 

Ya-]u Hsu,’* MafIi Skiionx* |ciaii'FhillM>6 Avouac,’ )6hn Gal*t2l(A,* Kerry Skh,^ 

Mohamed Chikh,* Danny Natawidjaja.' Linette Frawirodirdjo.* Yehuda Bock* 

Continuously lecorihng Global PmHionIng Syslem slalionv near the 2S March 2005 rupture of the 
Sunda megathrusi Imoment magnitude (MJ S.7| show that the earthquake triggered aseismk 
(fictional aflerslip on the subduction megathrusi, with a major fraction of this slip in the up-dip 
direction from the main rupture. Eleven months alter the main shock, afterstip coolWiues al rates 
several times the average inlerseismk rate, resulting in deformation equivalent to al least a 
M, 8.2 earthquake. In general, along-sirihe variations in tridional behavior appear to persisl over 
muftiidc earthquake cycles. Aftershocks cluster along the boundary between the region of coseismic 
slip and the up-dip creeping zone. We observe that the cumulative number of aftershocks increases 
linearly with postsehmk displacements; thh finding suggests that the temporal evolution of 
afterslKxks is governed by afterslip. 


S lip on fwiks occun, v a comhinalmm of 
lelolFveiy coniinuoiB aseiwnic croep and 
tnuHieM sJip cvoitx These iraiKient events 
occur BA eurdiquakes laduiing seismic wav«x 
and alrei a* asenmic eveius with cfuiraciendic 
lime scales ofduys in yean. A heller undenaynd- 
ing of the physica) fatbits that control the 


nelalive (imouiits and location of seismic and 
aseisnic slip m a key goal in the study of fiiult 
mechanics and in panicular can affect asucsv 
menti of Kgiona) seisnuc and isunmni haTanbt. 
Aher a targe eaRliqiuikc, postsenmic deforma- 
tion may result fKmi eaithquake-inikKed slip 
along the plate inacrface. commonly referred to 


as aftenhp. mid as viscoelastic rekaxaiian in the 
volume surrounding the fault ruphiie (l-S). 
Thux welXposiliaiKd posiseismic observations 
can probe the mechanical properties of sub- 
duciion megailmisiH and the medu that sur- 
round them 

(icodctic and srismological investigations 
suggesi dial typical suhduction inegatlnuit 
eaitlKiuakes inwilvT fouh rupture at depdre he- 
iwecti - 10 km and - SO km. and that nqitiMe all 
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Senator Peters. Thank you, Mr. Chairman. 

And then I also have — we have had some references by members 
of the panel regarding Senator Whitehouse and some comments 
that he had made. I would like to enter into the record as well a 
speech that he made that should be entered into the record as to 
refute some of the comments that were made by the panel. 

Senator Cruz. Without objection. 

[The information referred to follows:] 

Time to Wake Up: The Pause That Wasn’t 

Senate Floor Speech by Sen. Sheldon Whitehouse 
Tuesday, September 29, 2015 

Mr. President, I rise today for my 113th “Time to Wake Up” speech on climate 
change. They say 13 is unlucky. I don’t know what 113 is, but I do know what cli- 
mate change is. It is very real. We shouldn’t kid ourselves. And it is an urgent chal- 
lenge for our country and our world. Our leading scientific organizations say so. Our 
national security leaders say so. All of our National Laboratories say so. Major 
American businesses say so. Religious leaders of all faiths say so. Pope Francis cer- 
tainly said so last week. But the Senate is jammed by persistent, meretricious cli- 
mate denial. The denial comes in many guises, but, like a compass, all the denial 
points in the same direction: whatever helps the fossil fuel industry keep polluting. 
That is the true north of climate denial — whatever helps the fossil fuel industry. 
Look at the fossil fuel money pouring into the Republican Party and tell me this 
is a coincidence. 

We have Senators who deny that anything is happening, who say it is a hoeix. 
We have Senators who deny that we can solve this. We have Senators who deny 
their faith in the American economy to win if we innovate. We have Senators who 
simply shrug and say: I am not a scientist. A bunch of Senators say: Don’t even 
worry about it; climate change has stopped. The junior Senator from Florida tells 
us, “Despite 17 years of dramatic increases in carbon production by humans, surface 
temperatures [on] the earth have stabilized.” The junior Senator from Texas pro- 
claims that “satellite data demonstrate for the last seventeen years, there’s been 
zero warming. None whatsoever.” 

Let’s leave aside for a moment the cherry-picked data this conclusion is based on, 
which leaves out the oceans, which cover a mere 70 percent of the Earth’s surface. 
I will get back to oceans in a minute. But even this cherry-picked data needs a trick 
to deny the long-term trend. Using their trick, you could convince yourself climate 
change has stopped six times in the history of this increase from 1970. It is easy 
to do. You pick a spot here and you pick a spot there, and in the variability you 
make it a flat line and you say: There, you see a pause. The problem is that these 
manufactured pauses keep climbing. 

When this bogus climate pause idea was trotted out in an op-ed in the Providence 
Journal, my home state paper, PolitiFact quickly determined that it uses “cherry- 
picked numbers and leaves out important details that would give a very different 
impression.” 

When we look at the linear trend for this whole data set, from 1970 to 2013, no 
one can deny that the Earth is warming. Research shows that climate change is 
marching on. The past decade was warmer than the one before that, which was 
warmer than the one before that. Seventeen of the 18 hottest years in the historical 
record have occurred in the last 18 years. NOAA and NASA count 2014 as the hot- 
test year on record, and so far 2015 is on track to be even hotter than 2014. Fluc- 
tuations do not statistically alter the trend. 

It is a disservice to the truth and to this Senate to suggest that this heralds the 
end of climate change. As noted UC Berkeley physics professor Richard Muller put 
it, “When walking up stairs in a tall building, it is a mistake to interpret a landing 
as the end of the climb.” 

Plus, for what reason would it have stopped? There is no basis for the pause. We 
know why it is happening. Global warming is caused by carbon pollution. We have 
known that science since Abraham Lincoln wore a top hat around this town. That 
is not news. And our carbon pollution sure hasn’t stopped. 

We just broke 400 parts per million of carbon in the atmosphere for the first time 
in the history of the human species. 

There is no intellectual basis behind the pause theory. These claims of a climate 
change pause have been debunked. Just a couple of weeks ago, researchers from 
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Stanford University published a study: “There is no hiatus in the increase in the 
global mean temperature, no statistically significant difference in trends, no stalling 
of the global mean temperature, and no change in year-to-year temperature in- 
creases.” In other words, there is no pause. 

A different study prepared for the U.S. Climate Variability and Predictability Pro- 
-am reviewed this so-called pause data and said this: It “not only failed to estab- 
lish a trend change with statistical significance, it failed by a wide margin. [A]ny 
argument that global warming stopped 18 or 20 years ago is just hogwash,” said 
one of that report’s authors — just hogwash. When legitimate scientists and statisti- 
cians examine the data for global mean temperature, they don’t find any so-called 
pause. 

This chart I have in the Chamber shows global average temperatures since the 
late 1800s, which is about the time we began burning fossil fuels in the Industrial 
Revolution. In yet another study out this month, researchers did a little test. They 
showed this chart to 25 economists, but instead of temperature they told the econo- 
mists that the chart showed world agricultural output. That stripped the data of 
any political baggage of climate change. It made this a simple statistical question: 
Does this chart show that the measured phenomenon — climate change, temperature, 
world agricultural output — does this chart show whatever the measured phe- 
nomenon is stopped in 1998? The economists looked, and they flat out rejected that 
conclusion. What they agreed was that claiming the phenomenon had stopped would 
be misleading and ill-informed. 

So why did this pause theory appear that is a mistake, that is hogwash, that is 
based on cherry-picked numbers all toward a conclusion that is misleading and ill- 
informed? Why? Because the big carbon polluters and their allies in Congress don’t 
want us to act. So we keep getting this mischief fed to us. 

The enterprise that performs that evil task of feeding mischief into this debate 
is perhaps the biggest and the most complex racket in American history. It is phony. 
They cherry-pick a handful of statistically insignificant data points and tell us the 
whole problem went away on its own. Then the real scientists take a look at it and 
say that is bunk. But in the meantime, the polluter enterprise notched a public rela- 
tions victory. It bought some time to keep polluting for free, and sadly it got some 
of our colleagues to be party to it. 

Telling the American people there is a pause in global warming may lull the gul- 
lible to sleep, but it is phony, it is inaccurate, and it is wrong. It ignores the truth. 
It ignores the science. Basically what it is, is cheesy fossil fuel PR dressed up in 
a lab coat to look like science, just enough to fool people that little bit. 

Now let’s turn back to the oceans — that 70 percent of the Earth’s surface the 
other data left out. These data show the decades-long warming of the surface 
oceans — 1960 to 2010. No pause. Remember, the deniers conveniently left all this 
data out when they cherry-picked their pause data — 70 percent of the Earth’s sur- 
face left out. 

The first law of thermodynamics, conservation of energy, decrees that all of that 
heat in the ocean had to come from somewhere. Research shows that greenhouse 
gases trap excess heat in the atmosphere and that over 90 percent of that excess 
heat went into the oceans, was absorbed by our oceans. People who insist that the 
climate has not warmed in recent decades ignore this one little thing — the oceans, 
which cover 70 percent of the surface of the Earth. The oceans don’t he. This warm- 
ing is changing the oceans and our fisheries. Water expands when it warms. That 
is the law of thermal expansion — unless somebody wants to come and deny that. 
The seas are rising across the globe. In Rhode Island, we measure it at the Newport 
Naval Station tide gauge. Basically it is a glorified yardstick. It is not complicated. 
There is no theory involved. It is a measurement. It says we are up nearly 10 inches 
since the 1930s. That may be funny to landlocked States, but when there are 10 
more inches of sea to be thrown against your shores by a big ocean storm, coastal 
states take that stuff very seriously. NASA measures it around the world with sat- 
ellites; it is not just the coastal stations that take these measures. NASA measures 
from satellites. We measure the exploding acidity of the seas. The exploding acid- 
ities of the sea are directly related to CO 2 absorption — unless people want to deny 
chemistry. You can put CO 2 seawater in a high school lab and you can make the 
pH change. That is what we are doing on a global scale, and we don’t get to repeal 
laws of chemistry around here, no matter how powerful the special interests. 

Last week. His Holiness Pope Francis called on us to work together to protect our 
common home. He warned us in his recent encyclical: “Those who will have to suffer 
the consequences of what we are trying to hide will not forget this failure of con- 
science and responsibility.” But first we have to want to protect our common home. 
If what we want to protect is the fossil fuel industry, at all costs, at any cost, we 
need a priority adjustment. 
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In our rotten, post-Citizens United, billionaire special interests politics, perhaps 
the Pope would have had more effect if he had a super Pac, but it shouldn’t take 
a super Pac for us to heed the Pope’s warning or to heed the science or to heed our 
national security leaders or to heed everyone else who has lined up to try to wake 
us up. 

Pope Francis also said “to avert the most serious effects of the environmental de- 
terioration caused by human activity,” now is the time for courageous actions and 
strategies. 

Today’s New York Times has this headline: “Many Conservative Republicans Be- 
lieve Climate Change Is a Real Threat.” Once you get away from this building and 
the pernicious influence of the fossil-fuel industry and its relentless money and 
threats, it is not a question of ideology, it is a question of special interest influence, 
and conservative Republicans increasingly understand that this is real. Eleven of 
them just broke rank in the House. 

It is time to come together in good faith to tackle this real and persistent threat — 
the threat of climate change. 

It is time for us to wake up. 

I yield the floor. 

Senator Peters. Thank you very much. I yield hack, Mr. Chair- 
man. 

Senator Cruz. Thank you, Senator Peters. 

I want to thank each of the witnesses for being here. Dr. Happer, 
you wanted to briefly 

Dr. Happer. I just wanted to make one response about satellite 
temperature measurements. They measure temperature the same 
way as hospitals do today. Nobody sticks a thermometer in your 
mouth anymore. They use a temporal scanner or they put some- 
thing in your ear. And so they are measuring radiation in exactly 
the same way the satellites do, except medical thermotheres use in- 
frared radiation, not microwave radiation. 

Senator Cruz. Thank you. Dr. Happer. That is helpful. 

This hearing was a hearing to discuss facts and evidence and 
data rather than partisan dogma and ideology, and there are at 
least seven facts that our witnesses have laid out here to which 
there have been, I believe, no effective response. 

Number one, that carbon dioxide, rather than being a pollutant, 
is good for plant life. 

Number two, that the Earth right now, today, is greening. 

Number three, that for significant periods in history there has 
been markedly more CO 2 in our atmosphere, and that was prior to 
the Industrial Revolution. So it could not have come from the burn- 
ing of fossil fuels. 

Number four, that for the last 18 years the satellite data and the 
weather balloon data both demonstrate no significant warming 
whatsoever. That fact in particular not a single Democratic Senator 
had an effective response to. 

Number five, that the satellite data and the weather balloon data 
are the best evidence we have of whether warming is occurring, 
and that evidence, the actual data, demonstrate that it is not. 

Number six, that the seas were rising more in the first half of 
the 20th century prior to the significant increase in carbon dioxide 
emissions than they are now. 

And number eight, that the computer models, the apocalyptic 
computer models that are telling us we need to raise every hard- 
working American’s electric bills, gas bills, cost of living, we need 
to make it harder for single moms, for immigrants, for African 
Americans, for Hispanics, for hard-working men and women, we 
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need to make it harder for them to make a living and make ends 
meet, the computer models are profoundly wrong. Not a little bit 
wrong, but profoundly inconsistent with the data and the evidence. 

None of these eight facts tend to make it through the media gate- 
keepers that instead enforce, like the Inquisition, a discipline on 
the heretics that would dare stand in the way of their political ide- 
ology of imposing trillions of dollars of cost on people who are 
struggling. 

Policy should be driven by facts, and as John Adams said, “Facts 
are stubborn things.” 

In addition to the number of things entered in the record, I have 
got a series of newspaper articles describing the persecution of so- 
called climate deniers that without objection are going to be en- 
tered into the record. 

[The information referred to follows:] 

Should Climate Change Deniers Be Prosecuted? 


By Walter Olson On 10/1/15 at 5:17PM 



Around 400 demonstrators participated in a protest over climate change denialby burying 
their heads in the sand at Sydney’s Bondi Beach November 13, 2014, ahead of a G20 summit 
in Brisbane. Half-truths and the selective use of data are the common currency of political de- 
bate over climate change, the author writes. 

David Gray/Reuters 

In June, I took note of Senator Sheldon Whitehouse’s (D-R.I.) op-ed ”urg[ing] the 
U.S. Department of Justice to consider filing a racketeering suit against the oil and 
coal industries for having promoted wrongful thinking on climate change, with the 
activities of ’conservative policy’ groups an apparent target of the investigation as 
well.” 

I pointed out that this was a significant step toward criminalizing policy dif- 
ferences and using litigation and government enforcement to punish opponents in 
public debate, and meshed with an existing fishing-expedition investigation of cli- 
mate-skeptic scholarship by Whitehouse and other Democrats on Capitol Hill. 

Others had already gone farther than the senator himself, calling for making “cli- 
mate denial” a “crime against humanity,” holding public trials of fossil fuel execu- 
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tives for having resisted the truth and so forth. (Gawker: “arrest climate change 
deniers.”) 

And I noted a recurring argument-”we did it to the tobacco companies, so there’s 
no reason we can’t do it here too”-that tended to confirm my fears that the Federal 
government set a dangerous precedent back then when it ’’took the stance that pro- 
tobacco advocacy could amount to a legal offense.” 

Now there are further signs that a concerted campaign is under way. “Letter to 
President Obama: Investigate Deniers Under RICO” is the headline over a letter 
from 20 scientists, most at respected institutions, endorsing the Whitehouse idea 
and calling for the Federal government to launch a probe under the racketeering 
(RICO) law. The letter was soon being widely promoted around the Web, even at 
BoingBoing, often regarded as a pro-free-speech outlet. 

It is not clear that all the scientists who signed the letter have thought carefully 
about the tension between what they are asking and the continuing freedom to pur- 
sue lines of inquiry in public debate that the government may find unwelcome or 
unreasonable. ”I have no idea how it affects the First Amendment,” says one 
Vermont scientist who backs the probe, quoted by Bruce Parker of Vermont 'Watch- 
dog. 

In a companion piece, Parker interviewed me about the constitutional implications 
of this extremely bad idea. (I should note that when I discuss RICO in the interview 
transcript, I’m referring to the civil-litigation side of the law, so-called civilRICO, 
which seems to be the part of the law the advocates hope to use.) 

It is remarkable how many advocates of this scheme seem to imagine that the 
First Amendment protects only truthful speech and thus (they think) has no appli- 
cation here because climate skepticism is false. 

That’s not the way it works. As Cato and many others (compare ACLU of Ohio) 
argued at various stages in the case of Susan B. Anthony List v. Driehaus, which 
reached the Supreme Court on a different issue last year, controversial speech need 
not be true to be protected. In practice an ’’only truth has rights” approach chills 
advocacy generally and gives the state (or sometimes private litigants and complain- 
ants) a dangerous power to stifle advocacy in debates that it considers settled. 

It is certainly strange to see many supporters of the Whitehouse approach suggest 
that the speech they dislike is actionable because they find in it half-truths, selec- 
tively marshaled data, scientific studies that spring from agendas, arguments whose 
ultimate sincerity is open to question, evasion of telling points made by the other 
side and so forth. Those are the common currency of everyday debate in Washington 
(and not just in Washington). 

Nothing could be more common than to find both sides in an argument using 
these argumentative techniques. Hawks and doves do it; so do protectionists and 
free traders, and labor interests and business interests. The same techniques are 
also accepted as standard currency within the adversary process itself, in which the 
law takes such pride, which makes it particularly absurd to propose defining it as 
unlawful racketeering to (quoting one paraphrase) ’’use dubious information to ad- 
vance a cause.” The interview, again, is here. 

Walter Olson is a senior fellow at the Cato Institute’s Center for Constitutional Stud- 
ies. 


The Climate Fix 

Various musings on climate science and policy 

by Roger Pielke Jr 

I AM Under “Investigation” 

FEBRUARY 25, 201S—ROGERPIELKEJR 

As some of you will already know, I am one of 7 U.S. academics being investigated 
by U.S. Representative Raiil Grijalva (D-AZ) who is the ranking member of the 
House of Representatives Committee on Environment and Natural Resources. Rep. 
Grijalva has sent a letter to the president of my university requesting a range of 
information, including my correspondence, the letter is here in PDF {http: II demo- 
crats. naturalresources. house.gov / sites / democrats, naturalresources. house.gov ! files / 
Roger percent20Pielke percent2C percent20Colorado.pdf. 

Before continuing, let me make one point abundantly clear: I have no funding, de- 
clared or undeclared, with any fossil fuel company or interest. I never have. Rep- 
resentative Grijalva knows this too, because when I have testified before the U.S. 
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Congress, I have disclosed my funding and possible conflicts of interest. So I know 
with complete certainty that this investigation is a politically-motivated “witch 
hunt” designed to intimidate me (and others) and to smear my name. 

For instance, the Congressman and his staff, along with compliant journalists, are 
busy characterizing me in public as a “climate skeptic” opposed to action on climate 
change. This of course is a lie. I have written a book calling for a carbon tax (http:! / 
rogerpielkejr.blogspot.coml2010l04lclimate-fix.html), I have publicly supported 
President Obama’s proposed EPA carbon regulations (http:l Irogerpielkejr.blogspot 
.coml2014l06lsome-perspective-on-us-epa-carbon.html), and I have just published 
another book strongly defending the scientific assessment of the IPCC with respect 
to disasters and climate change (http: I / www.amazon.com/The-Rightful-Place- 

Science-Disasters IdpI 0692297510 /ref =sr 1 1 1 ?ie= UTF8&qid=14121 74550&sr=8- 

1 l&keywords=pielke). All of this is public record, so the smears against me must 
be an intentional effort to delegitimize my academic research. 

What am I accused of that prompts being investigated? Here is my crime: 

Prof. Roger Pielke, Jr., at CU’s Center for Science and Technology Policy Re- 
search has testified numerous times before the U.S. Congress on climate change 
and its economic impacts. His 2013 Senate testimony featured the claim, often 
repeated, that it is “incorrect to associate the increasing costs of disasters with 
the emission of greenhouse gases.” 

The letter goes on to note that John Holdren, President Obama’s science advisor, 
“has highlighted what he believes were serious misstatements by Prof. Pielke.” (For 
background on this see here (http: II www.newrepublic.coml article / 116887 / does-cli- 
mate-change-cause-extreme-weather-i-said-no-and-was-attacked) and her (http:! I rog 
erpielkejr.blogspot.de 1 2014 1 03 1 john-holdrens-epic-fail.html)e.) My 2013 testimony to 
the Senate is here (http: 1 1 sciencepolicy.colorado.edu I publications / special I senate 

testimony2013.html) and House is here in pdf (http: 1 1 sciencepolicy.colorado.edu I 

admin I publication filesl2013.38.pdf) (Q&A following hearing here (http:! I 

rogerpielkejr.blogspot.com 1 2014 1 01 1 questions-from-congress-part-l.html) and here 
(http:! I rogerpielkejr.blogspot.com 1 2014 1 01 1 questions-from-congress-part-2.html)). 
The testimony was the basis for my recent book on Disasters & Climate Change 
(http:! I WWW. amazon, com / The-Rightful-Place-Science-Disasters IdpI 0692297510 / ). 

(Congressman Grijalva doesn’t nave any evidence of any wrongdoing on my part, 
either ethical or legal, because there is none. He simply disagrees with the sub- 
stance of my testimony — which is based on peer-reviewed research funded by the 
U.S. taxpayer, and which also happens to be the consensus of the IPCC (despite 
Holdren’s incorrect views). 

Adam Sarvana, communications director for Natural Resources Committee’s 
Democratic delegation, reinforced the politically-motivated nature of the investiga- 
tion in an interview (http:! I www.al.comlnewslhuntsvillelindex.ssf 1 2015 1 02 lari- 
zona congressman asking_que.html): 

“The way we chose the list of recipients is who has published widely, who has 
testified in Congress before, who seems to have the most impact on policy in 
the scientific community” 

Let’s see — widely published, engaged with Congress, policy impact — these are sup- 
posed to be virtues of the modern academic researcher, right? {Here in PDF (http:! / 

sciencepolicy.colorado.edu ! admin ! publication files I2013.32.pdf) is my view on the 

importance of testifying before Congress when asked. I still think it is important.) 

I am pleased that some colleagues with whom I have had professional disagree- 
ments with in the past have condemned the investigation via Twitter, among them 
Eric Steig (of Real Climate), Bob Ward (LSE) and Simon Donner (UB(j). This shows 
some real class. In contrast, Michael E. Mann, who I defended when a Virginia poli- 
tician came after him (http://rogerpielkejr.blogspot.eom/2010/07/cuccinellis-fish- 
ing-expedition.html), used the “investigation” as a chance to lob childish insults my 
way via Twitter. Some things you can always count on in the climate arena! 

So far, I have been contacted by only 2 reporters at relatively small media outlets. 
I’d say that the lack of interest in a politician coming after academics is surprising, 
but to be honest, pretty much nothing surprises me in the climate debate anymore. 
Even so, there is simply no excuse for any reporter to repeat incorrect claims made 
about me, given how easy I am to find and just ask. 

The incessant attacks and smears are effective, no doubt, I have already shifted 
all of my academic work away from climate issues. I am simply not initiating any 
new research or papers on the topic and I have ring-fenced my slowly diminishing 
blogging on the subject. I am a full professor with tenure, so no one need worry 
about me — I’ll be just fine as there are plenty of interesting, research-able policy 
issues to occupy my time. But I can’t imagine the message being sent to younger 
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scientists. Actually, I can: “when people are producing work in line with the scientific 
consensus there’s no reason to go on a witch hunt (http: II www.wired.com j 2015 ! 02 ! 
anti-gmo-activist-seeks-expose-e-mails-food-scientists D. ” 

When “witch hunts” are deemed legitimate in the context of popular causes, we 
will have fully turned science into just another arena for the exercise of power poli- 
tics. The result is a big loss for both science and politics. 


itVXW Chmaltcl«ng»iJini«r«lnCangrm 

Climate change deniers in Congress 



[Image via Geoe Skidmore . Creative Comnx>rts Ik^nsed) 

Don't miss stories. Follow Raw Story! 

The campaign group forme<J to support Barack Obama's political agenda has launched an initiative to 
shame members of Congress who deny the science behind climate change. 

In an email to supporters on Thursday. Organizing for Action said it was time to call out members of 
Congress who deny the existence of climate change, saying they had blocked efforts to avoid its most 
catastrophic consequences. 

TJie email linked to a vrdeo mocking Republicans who reject the science on climate change. "Right now, 
way too many lawmakers in Washington flat-out refuse to face the facts when it comes to climate 
change." Jon Carson, executive director of Organizing for ActkMi wrote in the email. "We re never going 
to make real progress on this issue unless members of Congress get serious." 

The video mainly features Republican members of the House of Representatives who are notorious for 
denying the existence of climate change, or positing bizarre notions about its causes. 

ADVERTISING 

However, it also includes some national figures such as the Florida senator Marc Rubio and House 
speaker John Boehner, whose views on climate are not that broadly known. There are no Democrats in 
the video. 

The video was the first foray Into climate politics by Organizing for Action, the group which emerged out 
of Obama’s re-election campaign to promote his second-term legislative agenda. 

Until Thursday, the group had focused on gun control, immigration and the budget. Climate change did 
not even rate its own heading on the OFA website. But Thursday's video and an accompanying petition 
campaign suggest that Obama’s allies have now decided that climate change is a mainline poNlical 
issue. 

Obama singled out climate change as one of his priorities at his inauguration and during his first state of 
the union address. 

hRpj’NvwwiM«torycan/2O13O4A3tama-carnpa>9«*'^-targ0l‘Cl>mal»Owno«-d«««»-irveon(r«s/ 
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Ckmat» Chang* dMiMrs in CongrcM 

Since then, however. Obama has failed to offer bold policy proposals to matdi the sweeping speeches. 
Last week the New Yorker speculated that Obama may have given up on climate action entirety. 

Environmental groups in Washington say that is not at all the case, but admit that other issues have 
taken precedence in the first months of his second term. 

The appearance of the video was seen by some as a sign that Obama’s allies are now ready for a broad 
grassroots fight on climate poNlics. A number of environmental organisations have tried similar 
grassroots efforts - most notably SSO.org's campaign against the Keystone XL pipeline and Al Gore's 
Climate Reality Project - but the OFA move represented a new mainstreaming of climate politics. 

“What is interesting to me is that H shows that climate Is finally becoming a first tier political issue." said 
Paul Bledsoe, a political consultant who was President Clinton’s climate advisor. “Every other issue in the 
first tier always has this kind of grassroots activism behind ft. whether it’s the health care bill or 
immigration." 

But it will be an uphill battle. As the video points out. 240 Republican members of the house signed on to 
a measure describing climate change as a hoax. 

Since Obama was first elected, opposition to climate action has become a core tenet of conservative 
and Republican party politics. Some Republicans deny any change in the climate, some dispute the 
burning of fossil fuels is warming the atmosphere. Others accept climate science but oppose broad 
economy-wide measures to avoid catastrophic climate change. 

The video does not bother wrth those distinctions. However, there is broad cohesion among 
conservatives in their opposition to climate action - and that will make Obama’s course alt the more 
difficult. 
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Watchdog.org 

Democrat-led witch hunt into ‘climate change deniers’ picks up force 

Posted By M.D. Kittle On February 27, 2015 

In the left’s latest assault on the First Amendment, three Democrats on the Sen- 
ate’s Committee on Environment and Public Works^'^^ have sent out 100 letters to 
free-market think tanks and energy companies asking them to turn over funding 
records related to any research they’ve conducted on climate change. 

In short, U.S. Sens. Ed Markeyi^\ D-Massachusetts, Barbara Boxer^i D-Cali- 
fornia, and Sheldon Whitehouse,'^'*'^ D-Rhode Island, apostles in President Barack 
Ohama’s climate change war, are on another political witch hunt demanding donor 
information and other records that are protected under the Constitution. 

First Amendment defenders rallied to the side of the targeted groups, asserting 
the Democrats had overreached in setting up their enemies list, another thinly 
veiled quest in teixpayer-funded political opposition research. 



15] GIVE IT TO ME: Skeptical of climate change? U.S. Sen. Barbara Boxer, D-Cali- 
fornia, wants to know why. She’s asking free-market think tanks to turn over donor 
information. 

“These folks have been trying to open the vaults of donor lists from all of our or- 
ganizations over time. They have not been successful,and they are not going to be 
successful,” said Kory Swanson, president of the John Locke Foundation a North 
Carolina-based free-market think tank. 

The organization received a letter from the senators requesting information 
about “payments made ... in support of scientific research and scientists, as well 
as support for other efforts related to climate change, if such payments have been 
made.” 

As members of the Senate committee, the lawmakers claim they are interested 
in understanding how the organizations have ’’undertaken such efforts and the de- 
gree to which these efforts have been publicly disclosed . . .” 

Their sudden interest arises following a piece in the New York Times that attacks, 
or by some accounts, “smears,” Wei-Hock “Willie” Soon, an outspoken critic of man- 
made climate change. 

The piece, headlined “Deeper Ties to Corporate cash for Doubtful Climate Re- 
searcher, uses documents obtained by Greenpeace showing that Soon received 
more than $1 million from ExxonMobil, Southern Company and others in his work 
tracking the flaws in climate change research. 
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The story was picked up by the ’’growing mega industry of climate-alarmist blogs 
and organizations that receive billions of dollars from government agencies, tax-ex- 
empt foundations, and major corporations,” according to the New American. PJ 

“Following the typical smear pattern, many of the stories attempt to tar Dr. Soon 
with the ’denier’ label a vicious assault aimed at equating (man-made climate 
change) skepticism with Nazi Holocaust denial,” the publication states. 

Soon did not disclose his fundi.ng in his peer-reviewed study. 

The senators are going after anyone who would dare contest the science behind 
the climate change narrative. 

They want it all, and they want it now. 

In their letter the senators demand the past 10 years of information from the 
organizations, including: 

“Lists of funded research efforts (including but not limited to grants, fellow- 
ships, scholarships, consulting contracts, contracts, honoraria, and speaking 
events) on or related to climate, climate change, global warming, environmental 
issues, air quality, atmospheric or oceanic topics, greenhouse gas emissions, as- 
sociated impacts of greenhouse gas in missions, carbon dioxide . . .” 

For each payment made to individuals or organizations associated with the fund- 
ed research efforts, the senators seek: 

• Name of the recipient 

• Institutional affiliation 

• Payment and duration of the term of the funded research effort 

• Reason for the payment 

Majority members of the Senate committee reportedly were sending out letters 
Friday advising the target groups that they do not have to comply with the senators’ 
unconstitutional requests. Anonymous donations still are protected under the First 
Amendment. 

First Amendment expert Hans von Spakovsky called the senators^ actions “out- 
rageous.” 

“This is clearly an attempt to intimidate anyone who has a different opinion on 
the issue than theirs,” said von Spakovsky, a former commissioner on the Federal 
Election Commission and senior legal fellow in The Heritage Foundation’s Edwin 
Meese III Center for Legal and Judicial Studies. “This is an abuse of power. Maybe 
these senators don’t understand or don’t care about the fundamental First Amend- 
ment rights of Americans and their membership organizations.” 

The demand for donor information von Spakovsky said, is no different than what 
the state of Alabama did to the NAACP in the 19sos. n this case, the result could 
be freezing out political speech by shutting down potential donor contributions. 

“What these 100 organizations need to do is to get together and what they ought 
to do is send one letter signed onto by every single organization that says, ‘We’re 
not providing you with this information and your attempt to get it is unconscion- 
able,’” he said. “There is strength in numbers and they ought to stand for and push 
forward the principle that the government is not entitled to this information be- 
cause it is a violation of their First Amendment rights.” 

Swanson said he is not overly concerned by the senators’ political grandstanding 
now that he has been informed he does not have to turn over the targeted informa- 
tion. The think tank president said many donors do not want their identities re- 
leased because of government-led reprisals for their beliefs. 

“We will proceed on with our work and not get distracted by this,” Swanson said. 

Article printed from Watchdog.org: http: II watchdog.org 

URL to article: http: 1 1 watchdog.org 1 203041 1 climate-change-senate-first-amend 
menti 
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[4] Sheldon Whitehouse,: http:! Iwww.whitehou se.senate.gov ! contact ! 

[5] Image: http:! I watchdog.org I wp-content I blogs.dir 1 1 1 files 1 2015 1 02 1 Barbara 

Boxer.jpg 

[6] John Locke Foundation: http:! Iwww.john locke.org ! about ! 

[7] letter: http:! / www.markey.senate.gov ! news! press-releases ! markey-boxer 

whitehouse-query-fossil-fuel-companies-cUmate-denial-organizations-on-science fund- 
ing 



173 


[8] “Deeper Ties to Corporate Cash for Doubtful Climate Researcher,”: http:! / 

WWW. ny times, com 12015 102 1221 us! ties-to-corporate-cash-for-climate- 
changeresearcher- Wei-Hock-Soon, html ? r=0 

[9] New American.: http: 1 1 www.thenewamerican.com I tech I environment I item I 
20191-nytimes-greenpeace-smear-warming-skeptic-dr-soon 

[10] The Heritage Foundation’s: http: II www.heritage.org ! about ! staff ! v jhans- 
vonspakovsky 


SMy«r Targets GOP 'OimatoDarNrt' 

Steyer Targets GOP 'Climate Deniers' 

With polls showing that less than half of Americans believe 
climate change is primarily manmade, the costly attack could be a 
tough sell. 



Tom Steyer. who spent more than $70 million through his super PAC NextGen Climate on the 
2014 elections, wilt spend heavily in 2016 as well, the group announced Monday. 


April 6. 2015. at 5:49 p.m. + More 

Tom Steyer plans to put Republican presidential candidates in the ‘hot seat.* 


Declaring 2016 a ‘crossroads election,' the billionaire megadonor's super PAC. NextGen Climate, 
announced an aggressive campaign Monday targeting conservative contenders who deny the existence 
of manmade global warming. 

W^ile many Republicans In Congress acknowledge the climate is changing, few agree it is being caused 
by human activity, a fact overwhelmingly supported by science across the globe but whic^ has yet to 
take hold in the minds of millions of American voters. 
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174 


Slty«rT«rgMsGOP‘ClimaleOv*er«* 



Ted Cruz's Rollout Breaks the Rules. Scores a Quick Million 

“Whoever is the next president wHt really represent, in our view, the last best shot to prevent a climate 
disaster for our children.* NextGen chief strategist Chris Lehane said in a conference call with reporters 
Monday. 

Each of the dozen or so hopefuls believed to be considering a GOP run for president has ooenlv 
Questioned anlbrQPOgent C . g tPbal .warmjnfl. One of them, Texas Sen. Ted Cruz, test month likened those 
who believe in manmade global warming to fta i-earthersi,'; 

That kind of rhetoric “raises basic competency questions* and also may reflect the influence of big 
donors over public interest. Lehane said — even as his own organization prepares to invest huge sums 
in the 2016 election cycle. 

To that end. NextGen’s effort will, in part, highlight — and in a way mirror — GOP hopefuls' ties to 
Charles and David Koch. The billionaire industrialists have spent hundreds of millions of dollars 
bankrolling libertarian super PACs such as Americans for Prosperity to defeat Democratic politicians and 
environmental regulation. This election cyde. the brothers plan to spend as much as $889 mHlion, 
Politico reported in January. 

‘Spring training is over, the regular season has begun, and it's time to engage.' Lehane said, going on 
to mix his baseball and March Madness metaphors. “Given the views that we're already seeing coming 
out of the mouths of these Republican presidential candidates, our cKmate madness is in full swing.* 

Steyer spent more than $70 mNlion in the 2014 midterm elections cycle to defeat Republican candidates. 
Of the seven Senate ar>d gubernatorial candidates NextGen supported, however, only three went on to 
win their elections. 

League of Conservation Voters Spends Big In Colorado Senate Race 

'It's hard to look at 2014 and say that kind of an investment campaign accomplished very much,' says 
Barry Rabe. a professor at the Gerald R. Ford School of Public Policy at the University of Michigan. “The 
track record is not that you get a lot of bang for that investment.' 

Nonetheless. Lehane said, Steyer will ‘spend what it takes* in the 2016 cycle. He declined to stale how 
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much that might be. 

The goal, he continued, is to "deploy dimate as a wedge issue." largely through "disruptive activities" to 
force candidates ‘to respond, react and engage" • such as by toting a polygraph machine to Kentucky 
Sen. Rand Paul's expected announcement launching his presidential campaign Tuesday - plus paid 
television ads. a "state of the art social media effort" and a so-called Hot Seat campaign to shine ‘a 
spotlight on the nexus between Koch and candidates." 

That approach. Rabe says, could produce the kind of "gotcha moments and fooMn-mouth opportunities" 
that characterize primary campaign season - and which occasionally inflict lasting damage through the 
general election - but just how effective the overall advocacy campaign may prove remains an open 
question. 



Bernie Sanders: The Billionaires May Just Win 

‘If the focus is on trying to influence either the outcome of the Republican nominating process or 
damage the potential candidate, to do that before the nomination process may not accomplish very 
much.” Rabe says. ‘If you're replacing Ted Cruz with Marco Rubio on climate, have you moved the 
needle very much? And are we likely to see any of the top candidates really saying anything much 
different from one another on dimate change?" 

Results of recent poHs also offer Nttle incentive lor 2016 candidates — and Republicans in particular — 
to give climate change top bilfing. While nearly two-thirds of Americans agree global warming Is 
occurring, fewer than half say it is primarily a result of human activity, according to the Yale Project on 
Climate Chanoe Com munication . E\^n In left-leaning states such as California and Massachusetts, only 
55 and 52 percent of voters, respectively, believe greenhouse gas emissions are mostly to blame for 
driving climate change. 

"Climate change and environmental issues more broadly have generally not been top-level issues in 
presidential politics." says David Konlsky, a professor of public policy at Georgetown University. "They 
tend to be driven by the economy, foreign affairs if we’re in the midst of a war or the context of terrorism, 
health care. Those types of things tend to be the issues that carry most of the day." 
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The Daily Caller http:! ! dailycaller.com 

Scientists Ask Obama To Prosecute Global Warming Skeptics 

Posted By Michael Bastasch On 4:39 PM 09/17/2015 In/iVo Comments 

The science on global warming is settled, so settled that 20 climate scientists are 
asking President Barack Obama to prosecute people who disagree with them on the 
science behind manmade global warming. 

Scientists from several universities and research centers even asked Obama to use 
the Racketeer Influenced and Corrupt Organizations Act (RICO) to prosecute groups 
that “have knowingly deceived the American people about the risks of climate 
change, as a means to forestall America’s response to climate change.” 

RICO was a law designed to take down organized crime syndicates, but scientists 
now want it to be used against scientists, activists and organizations that voice their 
disagreement with the so called “consensus” on global warming. The scientists re- 
peated claims made by environmentalists that groups, especially those with ties to 
fossil fuels, have engaged in a misinformation campaign to confuse the public on 
global warming. 

“The actions of these organizations have been extensively documented in peer re- 
viewed academic research and in recent books,” the scientists wrote. 

But these riled up academics aren’t the first to suggest using RICO to go after 
global warming skeptics. The idea was first put forward by Rhode Island Sen. Shel- 
don Whitehouse, who argued using RICO was effective at taking down the tobacco 
industry. 

“In 1999, the Justice Department filed a civil RICO lawsuit against the major to- 
bacco companies . . . alleging that the companies ‘engaged in and executed — and 
continue to engage in and execute — a massive SOyear scheme to defraud the public, 
including consumers of cigarettes, in violation of RICO,’” Whitehouse wrote in the 
Washington Post in May. 

“We strongly endorse Senator Whitehouse’s call for a RICO investigation,” the sci- 
entists wrote to Obama. “The methods of these organizations are quite similar to 
those used earlier by the tobacco industry. A RICO investigation (1999 to 2006) 
played an important role in stopping the tobacco industry from continuing to deceive 
the American people about the dangers of smoking.” 

“If corporations in the fossil fuel industry and their supporters are guilty of the 
misdeeds that have been documented in books and journal articles, it is imperative 
that these misdeeds be stopped as soon as possible so that America and the world 
can get on with the critically important business of finding effective ways to resta- 
bilize the Earth’s climate, before even more lasting damage is done,” the scientists 
added. 

This year has been a trying one for global warming skeptics. Earlier this year. 
Democratic lawmakers began an investigation into scientists who disagreed with the 
White House’s stance on global warming. Many of these skeptical scientists were 
often cited by those critical of regulations to curb greenhouse gas emissions. 

Arizona Democratic Rep. Raul Grijalva went after universities employing these re- 
searchers, which resulted in one expert being forced to get out of the field of climate 
research altogether. 

“I am simply not initiating any new research or papers on the topic and I have 
ringfenced my slowly diminishing blogging on the subject,” Dr. Roger Pielke Jr. of 
the University of Colorado wrote on his blog. 

“Congressman Grijalva doesn’t have any evidence of any wrongdoing on my part, 
either ethical or legal, because there is none,” Pielke wrote. “He simply disagrees 
with the substance of my testimony — which is based on peerreviewed research fund- 
ed by the U.S. teixpayer, and which also happens to be the consensus of the IPCC 
(despite Holdren’s incorrect views).” 
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Washington Examiner 

EPA CHIEF SAYS CLIMATE CHANGE DENIERS NOT ‘NORMAL’ 

By John Siciliano • 6/23/15 7:26 PM 

The head of the Environmental Protection Agency appeared to hurl barbs at Con- 
gress on Tuesday, referring to an unnamed group of climate change “deniers” who 
aren’t “normal” and who won’t “carry the day” in a democracy. 

EPA Administrator Gina McCarthy made the comments while addressing a cli- 
mate change summit at the White House Tuesday to frame the effects of global 
warming on public health. 

McCarthy said a report her agency released Monday makes the case for taking 
action against climate change by calculating the price Americans will pay for not 
taking action, including the thousands of lives lost due to global warming and the 
impact felt on the economy. 

She said the EPA put out the report “not to push back against climate deniers,” 
but to help “normal people” make a decision about the kind of world they and their 
children want to live in. 

“I’ve batted my head against the wall too many times” trying to convince climate 
change deniers that global warming is occurring, she said. “You can have fun doing 
that if you want,” but “if the science hasn’t already changed their mind then it 
never will.” 

She said she is convinced that the climate deniers will not win in the campaign 
to address global warming. “In a normal democracy, it is not them that carries the 
day,” McCarthy said. “It is normal human beings that haven’t put their stake into 
politics above science.” 

“It’s normal human beings that want us to do the right thing,” she added. “And 
we will.” 

Her comments were being made around the same time Republican Sen. Shelley 
Moore Capito of West Virginia was holding a hearing on the harm the EPA’s Clean 
Power Plan poses to energy producer states and small businesses. The EPA plan 
is the centerpiece of President Obama’s plan to address climate change by curbing 
emissions from existing power plants. 

“We are going to get our Clean Power Plan out. It is going to happen,” McCarthy 
told those attending the summit, which included a broad range of public health ad- 
vocates and environmentalists. 

The climate summit follows another last week to announce $4 billion in private 
investment to develop renewable energy and other low mission technologies. Observ- 
ers say the summits are being used to push the issue of climate change ahead of 
the Clean Power Plan being issued in August. 

Yet at the same time, the House is preparing to pass legislation as soon as 
Wednesday that would delay implementation of the plan. The House measure would 
give states the ability to opt out of the rules, while allowing them to forego compli- 
ance until judicial review has concluded. 

In the Senate, Capito said that companion legislation she introduced in May con- 
tinues to gain stren^h. Capito said she is “proud to have more than 30 cosponsors,” 
including Majority Leader Mitch McConnell, R-Ky., and Energy and Public Works 
Committee Chairman James Inhofe, R-Okla. 



178 


The Daily Caller http:! ! dailycaller.com 

Another Global Warming Skeptic Gets Suspended From Twitter 

Posted By Michael Bastasch On 2:14 PM 04/02/2015 \aJNo Comments 

For the second time within two weeks, another global warming skeptic blogger 
has had his Twitter account suspended, this time repeating profanity used by a 
NASA climate scientist — and no the scientist did not get his account suspended. 

On April 1st, Twitter locked the account of science blogger Tom Nelson, who runs 
the blog the “Hockey Schtick.” Twitter told Nelson to delete a tweet that contained 
the word — are you ready for it? — “crap” or else his account would not be unlocked. 
Nelson then posted the “Delete Tweet” screen to his blog, after which Twitter 
promptly suspended his account. As of April 2nd, Nelson’s account was still sus- 
pended. 

Interestingly enough. Nelson was simply repeating a word used by NASA climate 
scientist Gavin Schmidt who tweeted at Nelson that [graph] is crap as I’ve fre- 
quently pointed out. The temperature is hand drawn. Not even you can take it seri- 
ously, surely?” 

Nelson tweeted back on March 22nd “is this graph crap too?” About a week and 
a half later, Twitter locked his account and the suspended it. But Gavin Schmidt’s 
account has not been suspended — which has raised the ire of other global warming 
skeptics and conservative pundits on Twitter. 

“If calling a graph ‘crap’ is grounds for suspension, why isn’t ©ClimateofGavin 
suspended?” Nelson asked on his blog. 

.@ClimateOfGavin You wouldn’t happen to know why @twitter “suspended” an- 
other climate dissident, Tom Nelson @tanl23? #BigClimateEnforcers1 
— Mark Steyn (©MarkSteynOnline) April 1, 2015 

Nelson’s suspension comes within two weeks of Twitter suspending global warm- 
ing skeptic Steven Goddard, a noted blogger who has been labelled as a “denier” 
by environmentalists. 

Goddard, a pseudonym he blogs under, was suspended for violating Twitter’s 
rules, goddard had been previously warned by Twitter of that other users had ac- 
cused him of “nonviolent threats” and “abusive behavior.” Goddard denied these ac- 
cusations. 

“I have never violated any Twitter rules, and Twitter has failed to respond to my 
requests to provide any details,” Goddard said. 

Both Goddard and Nelson have been highly critical of views human activity is 
causing the planet to warm at an alarming rate. InsideClimate News even featured 
Goddard on its “Who’s Who List of Climate Denialists” — list put together by environ- 
mentalists of global warming “deniers” targeted by e-mail hackers. 

But Twitter’s actions against the bloggers seem to come from complaints by other 
Twitter users. Indeed, Nelson’s account was locked about a week and a half after 
he used the word “crap” in a tweet. Some in the skeptic community have suggested 
climate scientists and environmental activists are complaining to get skeptic’s ac- 
count suspended. 

Indeed, Penn State University climate scientist Michael Mann has threatened 
“trolls” with being reported and blocked if they interrupted an #AskDrMann session 
on Twitter. 

But Twitter doesn’t disclose such information. So any accusations of who is behind 
getting skeptics’ account suspended is speculative at this moment. 
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Senator Cruz. I am also going to enter into the record the op- 
ed that Senator Whitehouse wrote calling for RICO criminal pros- 
ecution of anyone who dares stand in the way of the political ide- 
ology that hurts working men and women. 

[The information referred to follows:] 

The Washington Post — Opinions 

“The fossil-fuel industry’s campaign to mislead the American people” 

By Sheldon Whitehouse May 29, 2015 

Sheldon Whitehouse, a Democrat, represents Rhode Island in the Senate. 

Fossil fuel companies and their allies are funding a massive and sophisticated 
campaign to mislead the American people about the environmental harm caused by 
carbon pollution. 

Their activities are often compared to those of Big Tobacco den3dng the health 
dangers of smoking. Big Tobacco’s denial scheme was ultimately found by a Federal 
judge to have amounted to a racketeering enterprise. 

The Big Tobacco playbook looked something like this: (1) pay scientists to produce 
studies defending your product; (2) develop an intricate web of PR experts and front 
groups to spread doubt about the real science; (3) relentlessly attack your oppo- 
nents. 

Thankfully, the government had a playbook, too: the Racketeer Influenced and 
Corrupt Organizations Act, or RICO. In 1999, the Justice Department filed a civil 
RICO lawsuit against the major tobacco companies and their associated industry 
groups, alleging that the companies “engaged in and executed — and continue to en- 
gage in and execute — a massive 50-year scheme to defraud the public, including con- 
sumers of cigarettes, in violation of RICO.” 

Tobacco spent millions of dollars and years of litigation fighting the government. 
But finally, through the discovery process, government lawyers were able to peel 
back the layers of deceit and denial and see what the tobacco companies really knew 
all along about cigarettes. 

In 2006, Judge Gladys Kessler of the U.S. District Court for the District of Colum- 
bia decided that the tobacco companies’ fraudulent campaign amounted to a racket- 
eering enterprise. According to the court: “Defendants coordinated significant as- 
pects of their public relations, scientific, legal, and marketing activity in furtherance 
of a shared objective — to . . . maximize industry profits by preserving and expand- 
ing the market for cigarettes through a scheme to deceive the public.” 

The parallels between what the tobacco industry did and what the fossil fuel in- 
dustry is doing now are striking. 

In the case of fossil fuels, just as with tobacco, the industry joined together in a 
common enterprise and coordinated strategy. In 1998, the Clinton administration 
was building support for international climate action under the Kyoto Protocol. The 
fossil fuel industry, its trade associations and the conservative policy institutes that 
often do the industry’s dirty work met at the Washington office of the American Pe- 
troleum Institute. A memo from that meeting that was leaked to the New York 
Times documented their plans for a multimillion-dollar public relations campaign to 
undermine climate science and to raise “questions among those (e.g., Congress) who 
chart the future U.S. course on global climate change.” 

The shape of the fossil fuel industry’s denial operation has been documented by, 
among others, Drexel University professor Robert Brulle. In a 2013 paper published 
in the journal Climatic Change, Brulle described a complex network of organizations 
and funding that appears designed to obscure the fossil fuel industry’s fingerprints. 
To quote directly from Brulle’s report, it was “a deliberate and organized effort to 
misdirect the public discussion and distort the public’s understanding of climate.” 
That sounds a lot like Kessler’s findings in the tobacco racketeering case. 

The coordinated tactics of the climate denial network, Brulle’s report states, “span 
a wide range of activities, including political lobbying, contributions to political can- 
didates, and a large number of communication and media efforts that aim at under- 
mining climate science.” Compare that again to the findings in the tobacco case. 

The tobacco industry was proved to have conducted research that showed the di- 
rect opposite of what the industry stated publicly — namely, that tobacco use had se- 
rious health effects. Civil discovery would reveal whether and to what extent the 
fossil fuel industry has crossed this same line. We do know that it has funded re- 
search that — to its benefit — directly contradicts the vast majority of peer-reviewed 
climate science. One scientist who consistently published papers downplaying the 
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role of carbon emissions in climate change, Willie Soon, reportedly received more 
than half of his funding from oil and electric utility interests: more than $1.2 mil- 
lion. 

To be clear: I don’t know whether the fossil fuel industry and its allies engaged 
in the same kind of racketeering activity as the tobacco industry. We don’t have 
enough information to make that conclusion. Perhaps it’s all smoke and no fire. But 
there’s an awful lot of smoke. 

Senator Cruz. The hearing record is going to remain open for 2 
weeks. During this time, Senators are asked to submit any ques- 
tions for the record, and upon receipt, the witnesses are requested 
to submit their written answers to the Committee as soon as pos- 
sible. 

I want to thank the witnesses for being here. I want to thank 
you for the time in preparing your testimony. 

And with that, this hearing is adjourned. 

[Whereupon, at 5:52 p.m., the hearing was adjourned.] 



APPENDIX 


Response to Written Questions Submitted by Hon. Richard Blumenthal to 

Admiral David Titley 

Issue; Climate Change and Refugees 

Question 1. The globe is currently facing a refugee crisis as innocent civilians are 
being forced to flee war-torn areas like Syria in an attempt to find safety. There 
are now 4.2 million registered refugees spread across Turkey, Lebanon, Egypt, Iraq, 
and Jordan. 

Climate scientists hold that as climate change worsens, global crises of mass pop- 
ulation displacements can increase. As droughts become more severe or as the sea 
level continues to rise and puts at risk coastal communities and settlements, mil- 
lions of people can end up displaced because of drinking water shortages, crop short- 
ages, and retreating land. 

Not only will there the issue of resettling millions of displaced people, but as re- 
sources grow more scarce, conflict becomes more likely. 

Thirty governors have declined to accept refugees as people are now fleeing the 
violence of ISIS. Yet, many of the same people who argue against opening our bor- 
ders to refugees refuse to take action to mitigate and reverse climate change. 

Can you speak to how significant of an issue displacement may become if we do 
not take steps to address climate change? 

Answer. Climate refugees, although not a formally recognized term, will become 
an increasingly urgent problem for the world to deal with. Whether people are 
forced from their land due to rising seas and storm surges, salt-water contamination 
of fresh water supplies, or are no longer able to grow food for their families and 
communities due to a combination of increased heat or drought, they will move. 
They will then be either “internally displaced” refugees within their own country or 
international refugees. These problems will almost certainly be worse and most se- 
vere in regions where there is already poor governance, endemic corruption, and ex- 
isting ethnic strife. Syria today is a tragic example, and ominously a window to a 
future where this challenge is ignored. 

Question 2. How serious are the Departments of Defense and Homeland Security 
taking this potential future risk as a result of climate change? 

Answer. This administration has taken the risk of climate change seriously as 
part of its duties. The risks of climate change are prominently acknowledged in the 
highest strategy documents of these departments. In addition, in January 2016 the 
Department of Defense issued a “Department of Defense Directive” http:! Iwww 
.dtic.millwhsldirectiveslcorreslpdfl471521p.pdf that gives very specific guidance to 
the Under and Assistant Secretaries of Defense, the Services, Combatant Com- 
manders and the Joint Staff as to their duties and responsibilities with respect to 
addressing climate risk and security. For more details, see: https:! ! climate 
andsecurity.org i 201 6 1011 20! new-dept-of-defense-directive-on-climate-security j 

Question 3. I imagine that because of the grave responsibility of national security 
these two departments are charged with upholding, any official position they take 
has been well researched and reviewed. Can you speak to how well researched the 
DOD and DHS’s predictions as a result of climate change are and how reliable their 
science is? 

Answer. Both the DOD and DHS rely on the scientific enterprise’s collective 
knowledge, judgment and wisdom. This knowledge is best summarized in the U.S. 
National Academy of Science’s body of work on climate change {http:! j nas-sites.org i 
americasclimatechoices I sample-page I panel-reports I), the National Climate Assess- 
ment (http://nca2014.globalchange.gov/), and the fifth assessment report of the 
Intergovernmental Panel on Climate Change (https: j j www.ipcc.ch i report i ar5 1). In 
addition, specific NASA, NOAA, Department of Energy, U.S. Geological Survey, aca- 
demic, intelligence community and other technical assets are consulted as required. 

( 181 ) 
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Issue; Climate Change Considerations at DOD 

Question 4. In addition to the rise in rerional instability across the globe and the 
potential to exacerbate the displacement of significant populations of people, climate 
change has the potential to pose other national security risks like threats to military 
installations. 

The Department of Defense has done extensive climate research and is also tak- 
ing steps to increase its use of alternative fuels and further its research into alter- 
nate fuel resources to reduce its carbon foot print. 

The DOD has also taken several steps to incorporate climate mitigation into its 
planning. In a statement from this July, the department stated that “the ability of 
the United States and other countries to cope with the risks and implications of cli- 
mate change requires monitoring, analysis and integration of those risks into exist- 
ing overall risk management measures, as appropriate for each combatant com- 
mand.” 

What are some other national security risks that the DOD warns of if climate 
change isn’t mitigated? 

Answer. Please refer to the CNA Military Advisory Board reports of 2007 https: / / 

www.cna.org / CN A files / pdf / National%20Security%20and%20the%20Threat%20of 

%20Climate%20Change.pdf and 2014 https:/ lwww.cna.org /CNA files / pdf / MAB 

5-8-14.pdf 

In summary the risks are: 

• changes in the Arctic for which we are not prepared 

• climate threats to DOD and critical civilian infrastructure upon which our mili- 
tary and economic security reside. Climate threats include: 

° rising sea levels and attendant storm surges; 

° drought and excessive heat impacting a base’s operating capacity; 

° direct or indirect threat from wildfires 

• increase in the “demand signal” for world-wide Humanitarian Assistance and 
Disaster Relief (HA/DR) missions. While the U.S. military conducts HA/DR mis- 
sions in a very capable and professional manner, a significant increase in these 
missions has the potential to disrupt training and capacity for higher-end war- 
fighting missions that can only be accomplished by the U.S. military. 

• Increase in the geo-strategic threats, where climate is not the sole cause of in- 
stability, but, like a link in a chain, is one of the reasons a region or nation 
tips into chaos and extremism, with unpredictable and unknown security and 
stability consequences. 

Question 5. What has been the extent of its efforts to reduce its carbon footprint 
and transition to cleaner fuels? 

Answer. Please refer to Mr. John Conger’s 3 March 2015 written testimony before 
the House Appropriations Committee, pgs 11-13 and pgs 19-23. http: / / docs.house 
.gov / meetings /AP /APIS /20150303 / 103047 / HHRG-114-AP18-Wstate-CongerJ-2015 
0303.pdf 

Question 6. In your testimony, you spoke to the risk management approach to ad- 
dressing climate change recommended by the CNA Military Advisory Board, a panel 
of former three and four star generals. How concerned is the DOD with climate 
change and how much is it built into future planning? 

Answer. Please see my previous answer regarding the DOD’s concern for climate 
change. In my personal opinion, the leadership has done a good job of balancing and 
addressing this long-term, strategic risk with the shorter-term crises that the DOD 
must always handle. The issuance by Deputy Secretary Work of the DOD Directive 
on climate change in January 2016 is a good example of their commitment to ad- 
dressing this risk. 

Issue: Negative Economie Impact of Climate Change as Indicated by 
Connecticut-originated Research 

Question 7. The NOAA Northeast Fisheries Research Lab in Milford, CT has dem- 
onstrated that ocean acidification is one of the greatest risks to the healthy develop- 
ment of shellfish like clams and oysters. I constantly hear from my state’s aqua- 
culture and shellfish harvesting communities that they are catching smaller and 
more underdeveloped shellfish by the year as acidification hinders the calcification 
process necessary to produce a strong and robust shell. 

The University of Connecticut has also been pioneering a lot of sound and reliable 
climate science. One study, conducted by Dr. Baumann of UConn, investigates the 
impact of climate change on coastal marine fishes. His most recent NSF and NOAA 
funded study on the Atlantic silverside, a common fish in eastern North America 
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and a source of food for commercially important fish species like bluefish and 
striped bass, showed that high levels of carbon dioxide are likely to severely impact 
the larvae of this species in years to come. This will likely have a cascading effect 
to the fish that rely on them as a food source, which in turn will have a negative 
impact on the commercial fishing industry. 

As climate deniers continue to do the bidding of the fossil fuel industry, protecting 
the profits of big oil and gas interests, what will the impact be on other industries 
that will be harmed by climate change, like the aquaculture and commercial fishing 
industries? 

Answer. While some select industries may temporarily benefit from delaying ac- 
tion on climate change, particularly those connected with extracting, transporting 
or burning fossil fuel assets, many industries and communities will be negatively 
impacted from the changes in climate. The impacts may be direct, as your constitu- 
ents in the aquaculture industry have relayed to you, or indirect, in that teixpayers 
will ultimately shoulder the cost of combatting sea-level rise, higher food prices, and 
increased health risks, to name a few. 

Question 8. Won’t most of the economy be negatively impacted by climate change? 
Won’t the short-sighted denial of climate change really only benefit one industry at 
the detriment of everyone else? 

Answer. Yes sir. The number of industries that benefit directly from delaying ac- 
tion are small in number compared to those who are seeing adverse effects. 

Issue; Sea Level Rise in the Long Island Sound 

Question 9. The Long Island Sound Study (LISS), a federal, state partnership be- 
tween the EPA, Connecticut, and New York that monitors water quality and 
changes in the climate in the Long Island Sound, has been recording changes in sea 
level rise in the Sound for decades — since 1932 in Kings Point, NY and since 1967 
in Bridgeport, CT. 

What LISS has found is that the sea level in the Sound has been steadily increas- 
ing due to warming temperatures causing the water molecules in the Sound to ex- 
pand, consistent with global findings. However, what scientists monitoring the Long 
Island Sound have also discovered is that sea level rise is over 50 percent higher 
than the global average over the same timeframe. This seems to indicate that as 
warming continues, the regions surrounding the Sound are especially vulnerable to 
flooding, storm surges, and other consequences of rising ocean levels. 

Additionally, research by Dr. Lisa Park Boush of UConn shows that although hur- 
ricane frequency is tied to El Nino, it is also influenced by global climate change. 

Hurricane Sandy devastated the coast of Connecticut. These storms are only be- 
coming more extreme. If we do not take action to curb climate change, what type 
of damage are areas like the Connecticut coast in for, where they are especially sen- 
sitive to rising sea levels? 

Answer. I think your local experts are best qualified to talk about the specifics 
of damage to the Connecticut coastline. We do understand though, that hurricanes 
in the northeast U.S. are likely to become stronger, and that those storm-surges will 
come in on top of an ever-rising sea level. Please see the recent article published 
in the Proceedings of the National Academy of Science by my colleagues Andra Reed 
and Michael Mann and others: http: II www.ncbi.nlm.nih.gov Ipmc ! articles ! PMC 
46116561 for details on the increased threat to the coastline. 

Question 10. Communities along the coast are still rebuilding. Small businesses 
are implementing resiliency plans, efforts are underway to restore historic struc- 
tures damaged in the storm, and aquaculture beds are recovering. The economic im- 
pact of the storm was nothing short of devastating. What are the economic risks as- 
sociated with rising sea levels? 

Answer. They will of course be very significant. I often use as a point of reference 
how much more money the Netherlands believes they need to invest in their sea- 
level defenses, already seen as the best in the world, will need to invest an addi- 
tional $150B by 2100. http: 1 1 www.wired.com 1 2008 1 121 ff-dutch-delta I For scale, 
the length of Dutch coastline is roughly equivalent to the coasts of Massachusetts 
and Connecticut, combined. One way or another, we are all going to pay this carbon 
tax, either in preparations and fortifications of our coast — or in economic disruption 
and devastation if we do not. 

Question 11. Some in the climate denial camp point to deviations in temperature 
in the atmosphere’s tropospheric level — the lowest level of the atmosphere — as indi- 
cation that the verdict is still out on climate change. Can you explain why measure- 
ments like sea level rise give a better indication of climate change than variations 
in tropospheric temperatures? 

Answer. Please see my response to Sen. Markey’s QFR on this same topic. 
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Issue; The Importance of Funding Geo and Climate Science 

Question 12. As a member of the Commerce, Science, and Transportation Com- 
mittee, I have had the opportunity to meet with and hear issues of importance from 
climate and geo-scientists from Connecticut. These scientists specialize in research- 
ing how our climate works, how the Earth responds to different climate patterns, 
and how our climate is currently changing. 

One recurring theme that I continue to hear from scientists from around Con- 
necticut, whether it is from climatologists at UConn or researchers at Wesleyan and 
Yale, is that they are worried about the threatened Federal funding for geosciences. 
Funding proposals that have come from the House or supported by the other side 
of the aisle undervalue the significance of this important science field. 

Geoscience and climate science is how we understand what is happening to the 
Earth’s climate systems, and if this field is undermined, we cannot adequately pre- 
pare for changes we might encounter. 

What are some of the consequences we can expect if we do not adequately fund 
these science disciplines? 

Answer. This letter, signed by many Universities, including Penn State, and sci- 
entific organizations, explains both the benefits to funding and consequences of not 
funding very well: https: 1 1 www.ametsoc.org lams I index.cfm I about-ams I ams-for- 
mal-letters-of-support / joint-letter-supporting-nsf-geosciences / 

Question 13. Do you believe there is a multiplier effect for investing in geo and 
climate science? As we develop new technologies or ways to fend off the costs of cli- 
mate change, don’t our investments pay off in greater returns? 

Answer. Yes sir. 

Question 14. Given the importance of these science disciplines, what possible ex- 
planation is there for cutting funding in this area? 

Answer. I do not believe that credible arguments can be made to dis-invest in this 
area of science. We only have one Earth on which to live and base our economy. 
It’s in everyone’s interest to have the greatest possible understanding of, and pre- 
dictions about, our home planet for the benefit of all. 

Issue; Climate Sensitivity to CO2 and Time Scales 

Question 15. There seems to be a broad consensus on the correlation between CO 2 
in the atmosphere and the average temperature of the planet. Climate scientists at 
Wesleyan produced a research paper in which they studied past states of the cli- 
mate and found strong correlations between low CO 2 levels and lower temperatures 
and higher CO 2 levels and higher temperatures. 

This research was backed up by findings that researchers at Yale contributed to, 
which studied climate sensitivity to CO 2 and also determined that the best indica- 
tors were revealed over long time periods on the scale of centuries or millennia. 

How well do we understand the correlation between CO 2 and temperature? How 
confident is the scientific community in idea that high levels of CO 2 in the atmos- 
phere contribute to a warming climate? Isn’t this concept very well understood and 
widely acknowledged? 

Answer. Yes, sir, there is extremely high confidence in this relationship. The fol- 
lowing article from the “American Institute of Physics” https: 1 1 www.aip.org I his- 
tory I climate I co2.htm describes our scientific understanding of Greenhouse Gases, 
beginning with Joseph Fourier’s work in the 1820s. I know of no credible climate 
scientist who disputes this fundamental relationship. 

Question 16. Can you speak to the importance of taking measurements over long 
periods of time when attempting to understand climatic changes? Why might short- 
er time periods that many climate skeptics use be misleading when compared to 
long-term studies? 

Answer. Please see my response to Sen. Markey’s QFR where I describe “internal 
variability”, “external forcing” and “manmade forcing” on the climate system. Over 
short time periods, internal and external forcing can counteract the manmade in- 
crease in greenhouse gases, but over the long term the interval variability just be- 
comes “noise” and any changes in the sun and greenhouse gasses become the “sig- 
nal”. NASA and many others have measured the sun’s energy reaching the earth 
to see if it is the reason for our warming temperatures — it is not. In fact, the sun’s 
energy has decreased slightly over the past several decades, leaving greenhouse 
gases (and supported by over 150 years of theory) as the reason for our warming 
climate. 
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Response to Written Questions Submitted by Hon. Edward Markey to 
Admiral David Titley 

Question 1. Does the natural variability of the climate system in the past, like 
the episodic cool periods that occurred in the northern hemisphere during the so- 
called “Little Ice Age” and may have impacted the Pilgrim colony at Plymouth Rock, 
affect in any way our understanding of how greenhouse gases, such as carbon diox- 
ide released from the burning of fossil fuels, are affecting the climate system now? 
Please explain. 

Answer. Climate change can be forced by multiple different external factors: re- 
duced sunlight, either because of changes in the sun’s orbit or intensity, or an in- 
crease in volcanic eruptions can cool the planet. Conversely, increases in the sun’s 
intensity, a relative minimum in volcanic activity, or an increase in greenhouse gas 
(GHG) concentration can warm the planet. Through research, we understand the so- 
called ‘Little Ice Age’ reflected a decrease in the sun’s energy reaching Earth and 
also relatively high volcanic activity. Today we also understand with extremely high 
confidence why our climate is warming: the overwhelming driver for sustained 
warming is the increase in GHG concentration in the atmosphere. Scientists began 
to understand this effect as early as the middle of the 19th Century, and by the 
1950s the theory was well established and well accepted. With the advent of 
Keeling’s CO 2 measurements atop Mauna Loa in Hawaii, we have a continual record 
of the increase in GHG that correlates with the increase in global surface tempera- 
tures. (See Fig. 3, page 8, in my written testimony submitted for this hearing). 
While correlation per se does not equate to causation, the theory is well understood 
and science has systematically ruled out other reasons (primarily an increase in in- 
coming energy from the sun) that would cause the Earth to warm so rapidly in such 
a short period of time. 

Question 2. In the attached peer-review article by Richard Muller and his Berke- 
ley Earth group’s independent assessment of temperatures found temperature to 
have increased 2.7 “F in the last 250 years, with 1.6 °F of that rise occurring in 
the last 50 years. They find that the temperature changes can be explained by 
human greenhouse gas emissions and volcanoes, but not solar forcing. They also dis- 
close their funding sources, one of which is the Charles G. Koch Charitable Founda- 
tion. Are the findings of this paper comparable to the scientific consensus that glob- 
al temperatures are rising and that human are causing it? 

Answer. Yes, the paper by Muller et. al. is broadly consistent with the scientific 
consensus that human-induced GHG increases are responsible for the overwhelming 
increase in 20th Century surface temperature increase. Although partially funded 
by the Charles G. Koch Charitable Foundation, Muller et. al. appear to have proc- 
essed the data correctly, and have obtained basically the same answer as NASA, 
NOAA, the UK Met Office, the Japanese Meteorological Agency, and other reputable 
organizations who have studied this issue. Interestingly, Exxon-Mobil (then Esso) 
also reached this same conclusion back in the late 1970s and early 1980s. See Fig. 
4, page 9 of my written testimony submitted for this hearing. 

Question 3. During the hearing Dr. Curry claimed that the IPCC and the scientific 
consensus have no explanation for the increase of ice in the Antarctic. Can you com- 
ment on the scientific community’s current understanding of changes in Antarctic 
land and sea ice and how they relate to anthropogenic climate change? 

Answer. While the expansion of Antarctic Sea ice is still a topic of active research, 
it would be incorrect to that that science has “no explanation” for this phenomenon. 
A good summary of our state of knowledge can be found at: https:! jwww 
. skepticalscience. com! increasing-Antarctic-Southern-sea-ice-intermediate. htm 

“If the Southern Ocean is warming, why is sea ice increasing? There are several 
contributing factors. One is the drop in ozone levels over Antarctica. The hole 
in the ozone layer above the South Pole has caused cooling in the stratosphere 
(Gillet 2003). A side-effect is a strengthening of the cyclonic winds that circle 
the Antarctic continent (Thompson 2002). The wind pushes sea ice around, cre- 
ating areas of open water known as polynyas. More polynyas leads to increased 
sea ice production (Turner 2009). 

Another contributor is changes in ocean circulation. The Southern Ocean con- 
sists of a layer of cold water near the surface and a layer of warmer water 
below. Water from the warmer layer rises up to the surface, melting sea ice. 
However, as air temperatures warm, the amount of rain and snowfall also in- 
creases. This freshens the surface waters, leading to a surface layer less dense 
than the saltier, warmer water below. The layers become more stratified and 
mix less. Less heat is transported upwards from the deeper, warmer layer. 
Hence less sea ice is melted (Zhang 2007). 
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Antarctic sea ice is complex and counter-intuitive. Despite warming waters, 
complicated factors unique to the Antarctic region have combined to increase 
sea ice production. The simplistic interpretation that it’s caused by cooling is 
false.” 

Question 4. During the hearing Dr. Curry claimed that the IPCC report has no 
explanation for the fact that the rate of sea level rise from 1920 to 1950 was large. 
Please describe the trends in sea level rise from 1920 to today and what is known 
about how they relate to anthropogenic climate change. 

Answer. Dr. Curry’s question ignores the broader implications of an ever-rising 
sea level. Although this reference http:! I www.skepticalscience.com / Sea-level-rise- 
the-broader-picture.html is nearly six years old, it provides a good overview and 
shows that sea level rise in the period from 1920-1950 was not anomalous. 

“Sea level rises as ice on land melts and as warming ocean waters expand. Sea 
level rise mutually corroborates other evidence of global warming as well as 
being a threat to coastal habitation and environments. 

The blue line in the graph below clearly shows sea level as rising, while the 
upward curve suggests sea level is rising faster as time goes on. The upward 
curve agrees with global temperature trends and with the accelerating melting 
of ice in Greenland and other places. 

Because the behavior of sea level is such an important diagnostic aid for track- 
ing climate change, skeptics seize on the sea level record in an effort to cast 
doubt on this evidence. Sea level bounces up and down slightly from year to 
year so it’s possible to cherry-pick data falsely suggesting the overall trend is 
flat, falling or linear. You can try this yourself. Starting with two closely spaced 
data points on the graph below, lay a straight-edge between them and notice 
how for a short period of time you may create almost any slope you prefer, sim- 
ply by being selective about what data points you use. Now choose data points 
farther apart. Notice that as your selected data points cover more time, the 
more your mini-graph reflects the big picture. The lesson? Always look at all 
the data, don’t be fooled by selective presentations. 



(graph from Church 2008) 

Other skeptic arguments about sea level concern the validity of observations, 
obtained via tide gauges and more recently satellite altimeter observations. 

Tide gauges must take into account changes in the height of land itself caused 
by local geologic processes, a favorite distraction for skeptics to highlight. Not 
surprisingly, scientists measuring sea level with tide gauges are aware of and 
compensate for these factors. Confounding influences are accounted for in meas- 
urements and while they leave some noise in the record they cannot account 
for the observed upward trend. 

Various technical criticisms are mounted against satellite altimeter measure- 
ments by skeptics. Indeed, deriving millimeter-level accuracy from orbit is a 
stunning technical feat so it’s not hard to understand why some people find 
such an accomplishment unbelievable. In point of fact, researchers demonstrate 
this height measurement technique’s accuracy to be within Imm/year. Most im- 
portantly there is no form of residual error that could falsely produce the up- 
ward trend in observations. 

As can be seen in an inset of the graph above, tide gauge and satellite altimeter 
measurements track each other with remarkable similarity. These two inde- 
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pendent systems mutually support the observed trend in sea level. If an argu- 
ment depends on skipping certain observations or emphasizes uncertainty while 
ignoring an obvious trend, that’s a clue you’re being steered as opposed to in- 
formed. Don’t be mislead by only a carefully-selected portion of the available 
evidence being disclosed. 

Current sea level rise is after all not exaggerated, in fact the opposite case is 
more plausible. Observational data and changing conditions in such places as 
Greenland suggest if there’s a real problem here it’s underestimation of future 
sea level rise. The IPCC synthesis reports offer conservative projections of sea 
level increase based on assumptions about future behavior of ice sheets and gla- 
ciers, leading to estimates of sea level roughly following a linear upward trend 
mimicking that of recent decades. In point of fact, observed sea level rise is al- 
ready above IPCC projections and strongly hints at acceleration while at the 
same time it appears the mass balance of continental ice envisioned by the 
IPCC is overly optimistic (Rahmstorf 2010).” 

More to the point, the rate of sea level rise is accelerating, as shown in recent 
papers summarized by Climate Central http:! ! www.climatecentral.org ! news ! study- 
reveals-acceleration-of-sea-level-rise-20055 and researchers at Penn State http:! / 
news.psu.edu / story / 400758 1201 6 103 1301 researeh / sea-level-rise-antarctie-iee-sheet- 

could-double?utm souree=newswire&utm medium=e-mail&utm term=401922 

HTML&utm content=04-04-2016-16-55&utm eampaign=daily%20newswire These 

are the real risks to our society — not dissecting the noise in the sea level record 
from over half a century in the past. 

Question 5. Climate change deniers have often pointed to a hiatus or pause in 
warming since 2000. However, the attached peer-reviewed study by Thomas Karl et. 
al. shows that newly corrected and updated global surface temperatures from 
NOAA’s NCEI do not support a global warming “hiatus” and that there is no 
discernable decrease in the rate of warming between the second half of the 20th cen- 
tury and the first 15 years of the 21st century. From your review of the latest sci- 
entific evidence, do you agree that the global temperatures have continued to rise 
over the past 15 years? Also, please address the scientific problem with making con- 
clusions about climate change based on short-term trends. 

Observed climate change is the net result of ‘internal variability’ (analogous to 
changes in water level that’s sloshing about in a shallow pan; no water is added 
or lost, but the height of the water (or temperature in case of the earth) bounces 
up and down — but the average does not change over time), external forcing (e.g., 
changes in the sun’s energy reaching the earth, changes in the number and inten- 
sity of volcanic eruptions), and man-made forcing (primarily addition of greenhouse 
gasses but also by the addition of very small particles (aerosols) that tend to have 
a net cooling on the planet). Sometimes these forces all act in the same direction 
at the same time — at other times they can oppose one another. Michael Mann and 
colleagues have published convincing peer-reviewed research (summarized here: 
http:! t www.realelimate.org ! index.php ! archives ! 2015 ! 02 ! cUmate-oscillations-and- 
the-global-warming-faux-pause D that shows the ‘internal variability’ of the climate 
system has been counter-acting much but not all of the continuing warming caused 
by the man-made addition of GHG to the atmosphere. Despite such temporary cool- 
ing factors, overall temperatures have continued to rise. You can see this in Figure 
3 (page 8) of my written testimony submitted for this hearing. In addition the World 
Meteorological Organization (WMO) has a chart of temperatures averaged over 
every decade starting from 1890 (here’s the source: http:/ 1 library. wmo.int I pmb 

ged / wmo 1 119 en.pdf) 
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Response to Written Question Submitted by Hon. Gary Peters to 
Admiral David Titley 

Question. Dr. Titley, there were a number of claims made in the hearing that run 
counter to scientific findings and conclusions. Some examples include claims about 
carbon dioxide and its effect on plant life and agriculture, the historical abundance 
of CO 2 in the atmosphere, the so called warming “hiatus” and the relative value of 
satellite and balloon data versus direct measurements, sea level rise, and inconsist- 
ency of model predictions and measured observations. 

Could you please briefly address any false or misleading claim not already covered 
in your testimony, and also please provide references to quality, peer-reviewed sci- 
entific publications that dispute these false or misleading claims? 

Answer. Senator, I addressed the recent temperature record and sea-level rise 
issues in my QFR’s in response to Senator Markey. The single most comprehensive 
source to the issues you raise is in the Fifth Assessment Report (AR5) of the Inter- 
governmental Panel on Climate Change (IPCC). http: II www.ipcc.chl This report 
summarizes and synthesizes the body of peer-reviewed research and addresses what 
we do — and do not know — about our changing climate, and the degree of confidence 
to which we understand specific aspects of climate change. If there is a fault of the 
IPCC process, it’s a consensus body of the world’s nations, so its conclusions are that 
of a ‘least common denominator’ agreed to by all. If the IPCC reports are wrong, 
it’s because the climate is changing faster than the consensus body of literature 
would indicate, and that the ‘fat tail’ risks are underestimated. 

For a detailed accounting of how drastically over-simplified and false the argu- 
ment that “more CO 2 is better for plants” is, please see https:! Iwww.skeptical 
science.com I co2-plant-food-advanced.htm The article contains multiple references to 
respected, peer-reviewed articles. 

An advanced and technical description of the challenges of re-creating surface 
temperature record proxies from satellite-derived measurements can be found here: 
https: 1 1 www.skepticalscience.com I satellite-measurements-warming-troposphere-ad- 
vanced.htm, again with embedded peer-reviewed references. 
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